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PREFACE 


While the petroleum industry largely owes its present state of develop- 
ment to economic geologists and to representatives of the mining^ civil, 
mechanical, electrical and chemical engineering professions, it is generally 
recognized that a collegiate curriculum in either of these primary branches 
of engineering leaves the training of the engineer deficient in one phase or 
another of the technology of petroleum production. With the purpose 
of preparing engineering students for participation in all phases of the 
petroleum industry, several of the American universities and engineering 
schools have assembled specialized curricula in petroleum engineering, 
comprising groups of selec^ted courses extending over four or more years. 
Wherever introduced, the movement has met with popular response 
on the part of students and of engineers and others interested in the 
development of the petroleum industry. In the near future, this industry 
promises to require the services of many engineers trained both academi- 
cally and practically to a proper understanding of its specialized problems. 

The writer ^s principal purpose in preparing this book has been to 
provide a text or work of primary reference for petroleum engineering 
students in that part of their curriculum which pertains to the technology 
of oil field development and petroleum production. The manner of 
presentation of the data closely follows that developed by the author in 
the conduct of courses in petroleum production engineering in the 
University of California, 

The literature of this field is abundant but widely scattered, much of 
the best material being unobtainable to one lacking the facilities of a 
comprehensive technical library. In the present volume, an effort has 
been made to bring together the more important information bearing 
on each phase of the oil-producing industry, and to interpret the major 
facts in terms of the requirements of individuals interested in the whole 
rather than in the special subdivisions thereof. 

The field of the petroleum engineer is not as yet well defined. There 
are those who consider that the petroleum engineer should be one compe- 
tent to participate in any phase of the oil industry; others would apply 
the term only to those engaged in the engineering aspects of petroleum 
production, reserving petroleum refiifing to the chemical engineer and 
the exploration for new oil deposits to the “petroleum geologist. The 
natural gas industry is very closely related to the petroleum industry; 
the oil shale industry of the future promises to bear an intimate relation- 
ship. Popular opinion has apparently not as yet determined whether 
or not these activities belong within the field of the petroleum engineer. 
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However this may Imj, the writer believes that he expresses the sense of a 
majority of those engaged in the oil industry in recognizing in petroleum 
production engineering a field distinct from that of the petroleum geolo- 
gist on the one hand and from that of the petroleum refiner on theofher. 
The present work therefore touches but lightly upon the science of petro- 
leum exploration and prospecting. Chapter I is provided merely to review 
those aspects of petroleum geology which are essential to a proper under- 
standing of the later chapters. Excellent books covering the technology of 
this field are already available, ('hapter XVIIl, also, sketches merely in 
outline the technology of another closely related industry : petroleum trans- 
portation, the connectfng link between the fic^ld of the oil producer and that 
of the refiner. The technology of natural gas production and its utiliza- 
tion in the extraction of natural-gas gasoline, while recognized as very 
closely identified with the production of petroleum, is nevertheless regard- 
ed as a distinctly sef)arate and more spec^ialized fifdd. 

Detailed acknowledgment of all sourc(is of information drawn upon in 
the compilation of the text would be impossible within the brief space here 
afforded, but an effort has been made to indicate the more important 
works of reference by a system of suj)erior figurc^s inserted throughout 
the text. These figures refer to similarly numbered items in the bibli- 
ographies given at th(‘ end of eacth chapt(u\ When^ more direct extracts 
from the literature have been us(m1, footnotes indicate the source. 
Publications of the U. S. Bureau of Mines are esj)ecially prolific sources of 
information, which have been freely drawn upon. The writer is also 
indebted to the Union Tool Ckmipany and to the California National 
Supply Conjpany, manufact urers of oil well drilling tools and equipment, 
for aid in the', preparation of many of the illustrations used. Above all, 
the author is indebted to the University of (-alifornia for the use of 
research, library and other facilities, and for the many unusual oppor- 
tunities for field observation that have bc'en his j)rivilege by reason of 
his association with its faculty. 

Lioster C , Uhen. 

Univkusity ok Califounia, 

Bkkkkley, Cal. 

January, 1021. 
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petroleumTKoduction 

ENGINEERING 


CHAPTER I 

PETROLEUM EXPLORATION AND PRQSPECTING 

The discovery of oil deposits as a result of exploration and prospecting 
is a phase of the petroleum engineer’s work that requires a broad training 
in all the geological sciences as well as a thorough knowledge of the 
nature of petroleum, its origin and the manner in which it reacts under the 
influence of earth forces. While many of the world’s oil fields have been 
discovered accidentally, or by fortuitous methods involving little or no 
knowledge of geology, it is universally recognized today that this science— 
particularly that branch of it known as “structural geology and strati- 
graphy” — offers the only key to nature’s undiscovered petroleum 
reserves. The petroleum geologist is becoming a specialist, already 
recognized by many as a member of a profession almost distinct from that 
of the petroleum engineer; but in a broader view, petroleum geology is 
essentially a part of, or at any rate very closely allied with, petroleum 
engineering, and it is impossible to draw any sharp line of distinction 
between them. 

PHYSICAL PROPERTIES AND CHEMICAL CONSTITUTION OF 
PETROLEUM 

The prospector for petroleum must first of all become thoroughly 
acquainted with the nature of the substance which he seeks, *so^ that he 
may recognize it when it is encountered in any of its various forms,* or 
when it is present only in minute traces. 

Varieties and Forms of Petroleum. — Petroleum is a mixture of 
naturally occurring hydrocarbons which may assume either the solid, 
liquid or gaseous state. These three phases of petroleum arc trans- 
mutable, one into the other, by the application of moderate changes in 
temperature and pressure. Some of the constituents of petroleum are 
solids at ordinary earth temperatures, but the ^,pplication of heat to 
produce a slight rise in temperature will cause them to assume liquid 
form; and further heating to the boiling point will convert them into gases 
and vapors. Other constituents are vapors at ordinary temperatures, 
but earth pressures naturally developed within the containing rocks will 
cause them to condense, forming liquids. Relief of this pressure will 
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permit the liquid to vaporize again, providing the temperature does not 
change. Liquid petroleum may also be converted into the solid or 
gaseous states by evaporation of the lighter and more volatile fractions, 
the latter forming gases or vapors, and the heavier fractions forming 
solids. The solid and gaseous forms are soluble in the liquid forms. Chemi- 
cal changes, such as oxidation of the liquid petroleum, may also be instru- 
mental in causing solidification. 

In nature, all gradations ranging from hard brittle solid forms, 
through soft waxy substances, viscous semisolids, heavy viscous liquids, 
light volatile liquids of water-like consistency, and heavy vapors, to 
light, almost uncondensable gases, may bo found associated in the same 
deposit. As pressure, temperature and other physical and chemical 
changes occur, there will be continual readjustment between the different 
phases of associated hydrocarbons. Filtration of liquid petroleum 
through clays and other close-grained rocks within the earth may also 
bring about segregation of different constituents. It seems probable 
that most mineral waxes are either oxidation products derived from liquid 
petroleum, or residual products resulting from evaporation or segregation 
of the more volatile constituents. Gaseous hydrocarbons, which are 
always associated with liquid petroleum, are in many cases derived 
directly from the latter by evaporation or natural distillation; or, the 
two, having a common origin, may accompany each other throughout 
their subsequent migration and accumulation. 

Chemical Composition and Constitution of Petroleum. — Chemically, 
petroleum consists of a mixture of hydrogen and carbon, the ultimate 
composition usually showing from 11 to 13 per cent of the former and 84 
to 87 per cent of the latter. Sulidiur, nitrogen and oxygen, the more 
important impurities, are often present to the extent of 1 per cent, and 
occasionally to 4 per cc'tit or even more. Helium has also been found 
as a constituent of some natural gases associated with liquid petroleum. 
While the elemental constitution of petroleum is faii’ly uniform, the molec- 
ulat constitution will vary within wide limits. As many as 18 different 
series of hydrocarbons have been identified in various crude petroleums, 
with numerous individual reprc.sentatives of one or more of these series 
ordinarily present. An examination of Table I will give the reader some 
idea of the great variety of combinations of hydrogen and carbon that 
have actually been identified in petroleum.* Doubtless there arc many 
more which have not as yet been isolated.'* 

•Compiled from the work of Clarke, Mabehv and othens, by J. H. G. Wolf. 



PETROLEUM EXPLORATION AND PROSPECTING 

Tablb I. — Chemical Constitution of Petboleum 


3 



Individual hydrocar- 

Form 
under ordi- 


NamuB and group 
formula of series 

bon compounds 

Remarks 



nary con- 



Name 

Com- 

position 

ditions 



1. Methane 

CH4 

Gaseous 

These hydrocarbons may bo further sub- 


2. Ethane 

C2H« 

Gaseous 

divided into a number of isomeric series — 


3. Propane 

CsHs 

Gaseous 

the primary, secondary and tertiary para- 


4, Butane 

C 4 H 10 

Gaseous 

ffins which, with equal percentage com- 
position, differ in physical properties owing 






5. Pentane 

C6H.2 

Liquid 

to differences of atomic arrangement within 


0. Hexane 

CfiHii 

Liquid 

the molecules. 


7. Heptane 

CtHu 

Liquid 

This series is present in practically all petro- 

Paraffins 

8. Octane to 

GsHis 

Liquid 

leums, but preponderates in oils of “paraffin 

(CnH2B+2) 

16 Hexadc- 

ClflH 34 

Liquid 

base," such as those of Pennsylvania. 


cane 



Tiighter members of the series, gases and 
liquids, are those generally associated with 






18 Octflde- 

CisHss 

Solid 

asphalt base oils. The gases carry vapors 


cane 



of the liquid forms at all times. Natural 


20. Eicosane 

C20H42 

Solid 

gas is composed almost exclusively of the 


to 



gaseous members of this series. Hydro- 


35. Pentatria- 

0361172 

Solid 

carbons of tills series contain the highest per- 


contane 



centage of hydrogen and are the most stable. 


Ethylene 

CilU 

Gaseous 

These hydrocarbons are relatively unsatur- 

Olefines 

(C«Hin) 

Polymethylenes 

(CeHji.)* 

(Originally called 

Napthenes) 

Propylene 

C3TI6 

Gaseous 

ated and constitute the so-called “open- 
chain" hydrocarbons. They include several 
independent series, differing in physical and 
chemical characteristics although identical 
in percentage composition. One of these, 
the olefine series, is relatively unstable. 
They have been identified in Canadian oils. 
The polymcthylenes are relatively persistent 
and occur in California and Russian oils. 
They predominate in most oils of asphalt 

Butylene 

Amyl cue 

Hexylene 

Eicosylcno 

Cerolene 

CiHg 

Ctriio 

C6H.2 

C 20 H 40 

r 27 H 54 

Gaseous 

Liquid 

Liquid 

Liquid 

Solid 


Moicne 

C.ioH GO 

Solid 

base. 



CI2H23 

Ci^TLio 

Lower members of this scries have not been 

Acetylenes 


C 14 H 26 

CziHio 

found in petroleum. Higher members are 

(CnH2N-2) 


C22H42 

characteristic of oils from*Tcxas, Louisiana, 

i 


CigHjo 

C 74 H 16 

Ohio and Home California fieWs. 

• 



C 23 H 42 


Higher members of this series are found 

Turpenes 
(.CnH 2 «- 4 ) ! 


C24H14 


generally in Hinall amounts in all crudes of 
loiv specific gravity, particularly in Ohio, 

' 


C25H48 


T(‘xas and California oils. 


Benzene 

CgHo 


Found in all crude petroleums in small 

Benzenes 

Toluene 

CtHs 


amounts Particularly in East Indian, 

(CnHin-s) 

Xylene 

r*Hio 


Roumanian and California oils. 

(Aromatic 

Cumene 

CgHi2 



Hydrocarbons) 

Cymene, etc. 

C10HI4 




Higher Series: Thr series (Cnllsn-s) and (C«Hsn-io) are rarely found in petroleum, but occur in small 
amounts in heavy California and I^ussian oils. Naphthalene (CioHa), found in Rangoon, Russian and 
California oils, is probably the only member of the (C»iH 2 n-i 2 ) series that has been positively identified. 
In all, 18 series (to CnH 2 n-s 2 ) have been identified in criirle pctrolt'um. 
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Paraffin and Asphaltic “Base” Petroleums. — The difficulty of classi- 
fying petroleums by the chemical constitution of the hydrocarbon com- 
pounds present in such complexity has led to the general use of a simpler 
and less technical classification. A main line of distinction is drawn 
between what are called “paraffin base oils” and “asphaltic base oils.” 
Paraffip oils 3deld, on reduction to low temperatures, an appreciable 
proportion of light-colored wax containing chiefly members of the para- 
ffin series. This wax is not readily attacked by acids, or by ether, chloro- 
form, carbon bisulphide or other solvents in which solid hydrocarbons are 
commonly soluble. Asphaltic oils on slow distillation yield a dark 
asphaltic residue, usually jet black in color, lustrous and with a well- 
developed conchoidal fracture. Asphalt thus formed is readily attacked 
by the stronger acids, and dissolves in the above-mentioned solvents. 
Hydrocarbons of the polymcthylcne (naphthene) series predominate in 
most asphaltic oils. It must not be assumed that a very distinct line 
can be drawn between the so-called paraffin and asphaltic oils; the terms 
are used mainly for convenience in a broad classification. Nearly all 
asphaltic oils contain traces of solid paraffins and many essentially 
paraffin oils contain asphaltic products. Some petroleums are apparently 
of “mixed base,” responding to the tests suggested for both paraffin and 
asphaltic oils in equal degree. Probably the best example of a typical 
paraffin base oil is that produced in Pennsylvania. Most California, 
Mexican and Russian petroleums are of asphaltic base. Certain 
oils produced in Oklahoma, Texas and Mexico arc of the mixed base 
type. 

In nature’s laboratory, hydrocarbons of one type may, by chemical 
readjustments of the hydrocarbon molecule, or by interaction with oth^fr 
substances, be converted into hydrocarbons of other types. P'or example, 
under certain conditions, paraffin base oils may be broken down by the 
action of gypsum or gypsum-bearing waters, into asphaltic oils. 

Prope|;ties of Liquid Petroleum. — Commonl)^ petroleum occurs in 
the liquid phase, as an oil somewhat lighter and more viscous than water, 
varying in color from black, through various shades of brown and green 
to a light amber; or, in rare instances, it may be almost colorless. It has 
a.distinctive odor, sometimes described as “aromatic,” resembling that of 
gasoline, one of the more volatile^ constituents. The odor is often 
disagreeable, particularly if the oil is contaminated with sulphur or 
nitrogen compounds. Liquid petroleum has a peculiar property of 
reflecting light, developing bluish or greenish color effects, known 
as “bloom,” which arc not in evidence when the liquid is viewed by 
transmitted light. Liquid petroleum spread in a thin film on a 
water surface also develops a characteristic iridescence. Table II 
j)resents the more important physical and chemical characteristics of 
liquid petroleum.^ 
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Tablu II. — Physical Properties of Liquid Petroleum 


Property j Remarks 


Color 


Refractive index 

Specific rotatory 
power. 

Odor 

Density . 

Coefficient of expan- 
sion. 

Boiling point 
Freezing point. . 

Flash point ... 

Burning point 
Calorific power 


Specific heat 

i 

Latent heat of vapori- j 
zation. | 

Viscosity I 


By transmitted light, pale yellow through various shades of 
red and brown to black. By reflected light, greenish or 
bluish shades of yellow, red, brown or black. 

Measured with Zeiss refracto meter, varies from 1.39 to 1.49. 
Measured with Nicol prism, generally ranges between 0° and 
1.2°. Occasionally it may rise as high as 3.1°. 

Aromatic; resembling gasoline, coaUtar, oil of cedar, pyridine, 
etc. 

Specific gravity ranges between .75 and 1.01; Baum^ gravity 
from 56° to 10° — . Generally ranges between .82 and 
.96 in specific gravity.* 

Varies from .00036 to .00096; generally between .00070 and 
.00085 (coefficients for Fahrenheit temperature scale). 

Not constant. For different constituents ranges from 68°C. 
to upwards of 300°C. 

Ranges from 60°F. down to temperatures as low as — 50°F. 
(the latter being the specified freezing point for aviation 
gasoline). 

— r2°C. to 110°C., using ojion cup tester on a large group of 
C'alifornia oils. 

2°C. to 155°C., using open cup tester on a large group of 
California oils. 

Varies from 15,350 to 22,000 B.t.u. per pound, or from 8,500 
to 11,350 calories per gram. Generally ranges between 
18,000 and 19,000 B.t.u. per pound. 

Ranges between .40 and .52. Averages about .15 for most 
crudes. 

Ranges between 130 and 160 B.t.u. per pound for most 
paraffin and methylene hydrocarbons. 

2.3 to 1,300 Engler for a large group of California oils at 


Radioactivity 


, 60°F. 

Some of the lighter petroleums display radioactive power, 
, which is thought to have some significance in determining 
' their origin. 


* The Baum6 scale for liquids lighter than water has the following relation to 
specific gravity : 

Specific gravity = ,3^, + 

This equation, embodying the modulus 1140, is endorsed by the U. S. Bureau of 
Standards. Another BaunaS scale using the modulus 141.5 instead of 140, is widely 
used in the American petroleum industry and has been adopted by the American 
Petroleum Institute. In oil density measurements, the temperature of the oil should 
always be 60°F. If measured at any other temperature, corrections in the observed 
gravity readings must be made. 
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Properties of Solid Forms of Petroleum. — The naturally occurring 
solid forms of petroleum, include the mineral waxes, paraffin and asphalt. 
Different varieties of these substances have been given such mineralogical 
names as Ozocerite, Gilsonite, Grahamite, Elaterite, Alberite, etc. The 
reader is referred to any of the books on descriptive mineralogy for 
descriptions of these different varieties of petroleum in solid form.* 
Table III gives their more important properties. 

Table III, — Physical Charactekistics of Mineral Waxes and Related Solid 

Hydrocarbons 


Name 


Physical properties 


AuphaUic Substances 
Albertite 


Grahamite. 


Uintaito or Gilsonite 


Elaterite 

(Subterranean Fungus) 


Wurtzilite. 


Impsonite . 


Paraffin Waxes 
Ozocerite. 

(Natural ^paraffin ) 


Scheererite 


Hatchettite 

(Mountain tallow) 


Composition: C = 86.04; H = 8 96, O = 1.97; N « 2.93. Specific 
gravity — 1.097. Brilliant jet black; pitcb-Iike. Lustrous, con- 
choidal fracture, slightly fusible in candle flame with intumescence. 
When rubbed, exhibits static electricity. 4 per cent soluble in 
other, 30 per cent in oil of turpentine. Streak, black. Hardness, 
1 - 2 . 

Specific gravity, 1.145. Color, black; cokc-like in appearance. 
Lustrous on cleavage surfaces liesembles albertite, but is some- 
what less lustrous. Displays parallel cleavage and columnar joint- 
ing. Completely soluble in chloroform and carbon disulphide. 
Melts slightly and softens like coking coal at about 400°F. and can 
be drawn into long threads. 

Composition: C *= 80 88; H = 9.76; N =* 3 30; O =* 0.05. Specific 
gravity = 1.065 to 1.07. Brilliant, lustrous black. Dark brown 
streak. Conchoidal fracture Hardness 2—2.6. Fuses in candle 
flame. Plastic w'hilc warm but not sticky. Soluble in turpentine. 
Electrified by friction. A somewhat similar hydrocarbon, locally 
called “manjak," is found in Barbados, an island of the West Indies. 

Composition: C = 86; H =* 12; 0*3 Specific gravity * .906 
to 1.233. Color: brown, sometimos dark orange red by transmitted 
light. Subtranslucent. Massive, amorphous. Elastic. Soft, 
sometimes adhering to fingers, (icciisionally hard and brittle. 
18 per cent soluble m ether. 

Specific gravity, 1.030 Black, with brilliant conchoidal fracture. 
Resembles jet or cunncl coal In thin plates, deep red by trans- 
mitted light. Amorphous; sectilc, shavings somewhat elastic. 
Hardness 2-3. In boiling water becomes softer, tougher and more 
plastic Melts and burns in candle flame, giving off bituminous 
odor. Kcsists usual solvents Brown streak. 

Specific gravity, 1 10 to 1 25 Black; seini-dull luster. Hardness 
2-3 Hackly fracture. Insoluble in carbon disulphide. Infusible; 
decrepitates in flame. Metamorphosed grahamite. 50 to 86 
per cent fixed carbon 


Composition: C = 85.5; H = 14 6 Specific gravity =» .966. 

Color: ycllow-brow’ii , sometimes greenish. Translucent when pure. 
Wax-like, greasy, foliated; soft, easily indented with thumb nail. 
Fuses at 56 — 63®F. Completely soluble in ether or carbon disul- 
phide. 

Composition: C =73;H =24 Specific gravity, 1.0 to 1.2. Color: 
white, gray, yellow, green or pale red. Translucent to transparent. 
Pearly or resinous luster. Monoclinic crystals, usually thin and 
tabular; sometimes acicular Also occurs as crystalline grains and 
folia. Soft. Melts at 44®C. Soluble in alcohol or ether; ajso in 
HaSOi and HNO.i. Bums easily and without residue, emitting 
feeble arurnatsc oflor. Associated with coal deposits and fine 
fossils 

Composition: C = 8.i 55; H =- 14 45 Specific gravity, .916 to 
.983. Color: yellowish-wliite, wax-yellow, greenish-yellow; 
blackens on exposure Subtransparent to translucent, but becomes 
opaque on exposure Glistening, pearly luster. Thin plates, some- 
times mas-sive. Soft, greasy, wnx-like. Melting point, 46®C. 
Sparingly solitble in boiling alcohol or in cold ether. Decomposed 
and charred by boiling concentrated HjS 04 


Other less important solid paraffin hydrocarbons include Fichtelite, Hartite and Konlite. These 
waxes are found in association with coal deposits and are thought to be products of former plant life. 

A group of oxygenated solid hydrocarbons, including Succinite, Retinitc, Bathvillite, Tasmanite. 
Dysodile, Pyroretinite, Geomyricite, Geocerite, Idrialite, Rochlederite and Dopplerite, are relgtea 
mineral waxes not directly derived from petroleum. 

*Dana, E. S., ‘‘A Textbook of Mineralogy,” ed. 1905, pp. 544-545. 
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Composition and Properties of Gaseous Forms of Petroleum. — 

Gaseous forms^of petroleum, commonly called ''natural gas/^ consist 
of mixtures of hydrocarbon gases and vapors, the more important of 
which are methane, ethane, propane, butane, pentane and hexane, all of 
the paraffin series (CnH2n+2). Petroleum gases are colorless and possess 
a petroleum odor which is occasionally masked by the stronger pdor of 
impurities, such as hydrogen sulphide or sulphur dioxide. The presence 
of water vapor sometimes gives natural gas a white, fog-like appearance. 
Table IV indicates the composition and properties of a number of typical 
natural gases. 


Table IV. — Physujal and Chemical Characteristics of Natural Gas 


Source of gafi 


Average Pennsylvania and West 

Virginia 

Average Ohio and Indiana 

Average Kansas 

Santa Maria Field, Cal 

Coalinga Field, Cal 

McKittrick Field, Cal 

Sunset Field, Cal 

Fullerton Field, Cal 

Kern River Field, Cal 

Hogshooter Field, Okla 

Hogshooter Field, Okla 

Titusville, Pa 

Caddo Field, La 


Sp. gr. 
air = 1 

1 

B.t.u. 

per 
cu. ft. 

1 

CH.„ 

per 

cent 

Higher* 
hydro- 
carbons, 
per cent 

N*, 

per 

cent 

C02.t 

per 

cent 

624 j 

1,145 

1 

80.85 

14.00 

4.60 

.00 

.637 

1,095 

83.60 

.30 

3.60 

.20 

.645 ' 

1,100 

93.65 

.25 

4.80 

.30 

.810 

1 ,044 

62.70 

20.20 

1.40 

15.60 

.660 

937 

88.00 

00 

.90 

11.10 

.850 

724 

66.20 

1.00 

2.40 

30.40 

.660 

934 

87.70 

.00 

1.80 

10.60 

.630 

1,100 

86 70 

9 50 

2.10 

1.70 

660 

1,047 ! 

84.30 

8.00 

1.20 

6.60 

.580 

1,004 

94 30 

.00 

4 60 

1.10 

.910 

1,548 

23 60 

69.70 

1.30 

2.50 

990 

1,765 

6.60 

91.10 

2.30 

.00 



95.00 


2.56 

2.34 


* Recorded as ethane (CalLO in most anabases,* though in ^‘wet" gaSes, frequently 
propane, butane, etc. • 

t Carbon monoxide, oxygen and hydrogen, recorded in many analyses of natural 
gas, are probably the result cither of contamination of the sample with air or of inap- 
propriate methods of analysis. According to Bulletin 88 of the U. S. Bureau of 
Mines, they arc never present in natural gas. The gaseous members of the olefin 
series are also unusual. Hydrogen sulphide and sulphur dioxide are frequently pres- 
ent as impurities. 


Petroleum Not a Mineral. — Since petroleum is a complex substance 
of varying chemical composition, strictly spoakihg it is not a mineral. 
It may be properly spoken of, however, as a mineral substance or as an 
aggregation of minerals. 

Thermal Properties of Petroleum. — All hydrocarbons are inflam- 
mable, whether in the solid, liquid or gaseous state, though the solid and 
heavy, viscous liquid forms are relatively less so, because of the difficulty 
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of securing admixture with the necessary air to support combustion. 
The gases are frequently explosive, and the lighter, more volatile liquids, 
surrounded by an inflammable blanket of their own vapor, are readily 
ignited and will be completely consumed by the resulting flame. * The 
flashpoint, or that temperature at which inflammable gases are given 
off; the firepoint, or temperature at which the liquid will bum; and 
the calorific value are thermal properties which enter as important 
variables in testing petroleum and petroleum products for specific 
purposes (see Table II). 

Distillation Products of Petroleum. — Distillation is an important 
physical process to which petroleum is subjected in refining, and in isolat- 
ing its various components to determine their composition or suitability 
for different purposes. Since petroleum is a mixture of a large number of 
substances of varying boiling points, when heat is applied in the distilla- 
tion process the more volatile constituents of low boiling point are 
distilled first, and the higher boiling fractions are evolved in succession 
as their respective boiling points are reached. Natural distillation of 
petroleum within the earth as a result of high earth temperatures, and 
variation in the pressure to which it is subjected during natural distilla- 
tion, may explain in large part the marked differences in physical and 
chemical characteristics. Because of the difficulty of making chemical 
analyses of petroleum, it is usual to subject the oil to fractional distilla- 
tion, reporting as a rough indication of its value for refining purposes, the 
percentages of distillate obtained between stated boiling points. Table 
V will give some idea of how typical crudes, vary in this respect. 


ORIGIN OF PETROLEUM 

Though many eminent geologists and chemists have investigated and 
offered tljeorics and experimental evidence in explanation of the origin of 
petfoleum, the matter is still a subject of scientific controversy.^ Several 
of these theories seem to offer a plausible explanation of the source and 
manner of formation of specific deposits, but apparently none arc 
susceptible of general application. 

The various theories that appear in thc^ literature of this subject are 
usually classified into two groups the so-called inorganic and organic 
theories. The former attempt to explain the formation of petroleum as a 
result of geo-chemical reactions between water or carbon dioxide and 
various inorganic substances, sucti as carbides and carbonates of the 
metals. The organic theories assume that petroleum is a decomposition 
product of vegetable and animal organisms that existed within certain 
periods of geologic time. Table VI presents the principal ideas on which 
a numl)er of the better known theories of each group are based. 
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• Testa were made by the U S. Burearf of Mines — Hempel method in each case. Values for carbon residue of the residuum (last column) are made with the 
Conradson apparatus and are thought to be indicative of the nature of the oil, t.e., whether paraffin or asphaltic base; and particularly, of its value as a source 
of heavy lubricants 

Data from U. S. Bureau of Mines, Reports of Investigations Nc« 2202, 2235, 2293, 2322, 2364 and 2416, by E. W. Dean and others. 
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Inorganic Theories Discredited. — The inorganic theories, formerly 
given popular credence, have in recent years pven way to theories based 
on organic evidence, organic origin being now generally accepted. A 
number of facts have been responsible for the general discrediting of the 
inorganic theories. Petroleum is notably absent in the rocks formed 
during. geologic periods in which vulcanism was most active. No one has 
. been able to produce , it synthetically. Furthermore, the inorganic 
compounds assumed to be responsible for its formation are rare in nature. 

Organic Theories Plausible. — In the case of the organic theories on the 
other hand, there is abundant corroborative evidence, both in nature and 
from the laboratory, that petroleum may be derived from organic 
materials of either animal or .vegetable origin. Petroleum deposits are 
in some instances found in close- relation with coal deposits of known 
vegetable origin. In other cases, diatoms, foraminifera, algae and other 
microscopic marine organisms Jbavc evidently been the source of* petro- 
leum. Carbonaceous shales and sandstones are of widespread occurrence 
in petroliferous areas and frequently eontauv sufficient organic material to 
account for the formation of large deposits of petroleum. The conversion 
of such organic materials into petroleum has .been demonstrated in the 
laboratory, and has been proved possible under . conditions normally 
prevailing in nature. 

It seems probable that transformation of the parent organic material 
into petroleum has proceeded in the absence of air, in muds, shales and 
sands along the bottom of shallow lagoons, estuaries, bays and lakes. ^ It 
has also been suggested that salt water and certain anaerobic bacteria 
may be essential to the transformation, the former preventing rapid 
decomposition of the parent mat^^rial during the transition stage, and the 
latter converting the waxy, fatty and resinous constituents of animal and 
plant organisms into hydrocarbons. Various nitrogen and sulphur com- 
pounds often found in association with petroleum are considered products 
of these ^aine biochemical reactions. Temperature and pressure are 
undoubtedly important physical variables which influence the character 
of the decomposition products. Probably in many cases petroleum is 
formed by actual distillation, in porous formations within the earth, of 
solid hydrocarbons derived from the parent organic material. 

Natural Distillation of Petroleum from Solid Carbonaceous Materials. 
It seems reasonable to assume that the liquid and solid hydrocarbons 
have been in many cases subjected to earth temperatures sufficiently high 
to bring about their vaporization.*- Some theories assume that the 
primary hydrocarbon resulting frofti d(^composition of the parent organic 
material is a solid, conforming in its general characteristics to the 
^‘kerogen’^ present in oil shales. Just as oil is distilled by artificial 

*Wiujs, li., Geologic distillation of petrolenin, Trans\, Am. Inst. Mining & 
Met.^Engrs., 1920. 
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Table VI.— -Theories Advanced in Explanation of the Origin ‘op 
Petroleum 


Name ol theory or its originator 


Inorganic Theories 
Berthelot’s alkaline carbide 
theory. 


Mendeleef’s carbide theory . 


Moissan’s volcanic theory. . . 


Sokolov’s cosmic theory 


Limestone, gypsum and hot 
water theory. 


OroaJiic Theories 

Knglor’s aiuinal origin theory 


Hofer's vegetable origin 
theory. 


Salient features 


Deep-seated deposits of alkaline 
metals in the fseo state react with 
CO* at liigh temperatures, form- 
ing alkaline carbides. * These, 
on contact with water, liberate 
acetylene whi'ch, through subse- 
quent processes ot polymeriza- 
tion and condensation, forms 
petrqjeum. 

Iron carbides within the earth, 
on contact with percolating 
waters, form acetylene which 
escapes through fissures -to over- 
lying porOus- rocks' and* there' 
condenses 

Moissan .suggests Uiat volcanic 
’explosions may be Caused by the 
action ’of water dP subterranean 
carbides. 

Petroleum considered to be an 
original product resulting from 
the oombination of eiirbon and 
hydrogen in the cosinie mass dur- 
ing the consolidation of the 
earth. 

Heuctions between carbonate and 
sulphate of hme in the prescnce 
of water, at temperatures suffi- 
cient to dissociate the water, 
theoretically may form hyilro- 
ciirbons. 

Pclroleum formed by a process 
of putrefaction of annual re- 
mains. Nitrogen thus elimi- 
naie.d and residual fats con- 
verted by earth beat and pres- 
sure into petroleum. Activity 
of iinerobic buetoria thought to 
play a part in the reactions. 
Petroleum formed by decay of 
uecumulatcd vegetable refuse 
under conditions which prevent 
oxidation and evaporation of the 
Inpiid products formed. 


• Evidence 


Evidence lacking. Neither free 
alkaline metals nor carbides 
Tound in nature. 


See above. Magnetic iron oxides 
would also be formed as a pro- 
duct of these reactions. Mag- 
netic irregularities have been 
noted in the vicinity of some 
oil fields 

Small quantities of petroleum 
noted 111 volcanic lavas near 
Etna and in Japan Petroleum 
also associated with volcanio 
rocks ill Mexico and Java. 

Small quantities of hydrocarbon 
occasionally found in meteorites. 


Pnietically, it has been found 
impossible to demonstrate this 
reaction m the laboratory. 


Oils resembling petroleum may be 
distilled from sediments con- 
taining fish remains. Many 
p(‘troleum deposits associated 
with marine sediments contain" 
iiig an abumlnnce of ioramini|era. 

Deposits of petroleum found in 
close iissociution with sediment- 
ary deposits containing diatoms, 
seaweed, peat, lignite, coal and 
oil shale of known vegetable 
origin. Oils closely resembling 
petroleum may be distilled from 
the.se hub-stanees. 


means from such shales, so it is thouglU liquid petroleum may be formed 
by natural distillation within the containing rocks. Hydrocarbon 
vapors, thus formed, could migrate much more readily than the liquid 
forms to structures favorable for their accumulation. On subsequent 
cooling to lower temperatures the vapor so accumulated would condense, 
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forming liquid petroleum. Variation in heat and pressure conditions 
during this natural distillation process, as well as differences in the char- 
acter of the parent organic material, would account for variation in the 
types of oil produced. The entire process, as outlined, is analogous in 
every way to that practiced in the modem refinery. 

Weight is given to this theory by the field evidence obtained from 
petroleum deposits found in close association with sedimentary strata 
containing coal. The oil in such cases is clearly a natural distillation 
product obtained by metamorphism of the coal, the hydrocarbons being 
driven off, leaving the coal richer in fixed carbon. It is found further- 
more, that the degree of metamorphism which the coal has suffered is a 
reliable indication of the presence or absence of oil in the vicinity. 
White® has shown that in those regions in which the coals are but little 
altered by dynamic influence, and where they have a low fixed-carbon 
ratio, the oils are heavy and of low grade. On the other hand, in regions 
of more advanced alteration, where the coals have a higher fixed-carbon 
ratio, the oils are correspondingly light and of higher grade. Oil is 
seldom found in regions where the associated coal deposits contain more 
than 65 per cent of fixed carbon. Considerable gas and a little oil is 
found in association with 60 to 65 per cent carbon coals; but the bulk of 
the oil is found in regions where the coals range between 50 and 55 per 
cent in fixed carbon. 

ACCUMULATION OF PETROLEUM 

It is apparent that whatever the theory accepted in explanation of the 
origin of petroleum, the oil would have been widely scattered through the 
containing rocks. It must subsequently have been subjected to some 
agency which would effect a concentration of these disseminated particles 
before the formation of a deposit of commercial proportions is possible. 
Since the dimensions of petroleum deposits arc relatively small in com- 
parison with the areas over which the small particles of oil were originally 
formed, it is evident that this migration of petroleum may necessitate 
movements over considerable distances. Petroleum has apparently 
migrated for distances of a mile or more in certain instances where the 
source of the oil with respect to the deposit in which it is found, is 
definitely known. The rocks in which accumulation occurs are seldom 
those in which the petroleum was '.formed and accumulations are occa- 
sionally found in formations stratigraphically unrelated with those 
containing the parent material. 

• 

Natural Forces Which Assist in Bringing about Migration and 

Accumulation of Petroleum 

The forces at work in nature which assist in bringing about migration 
and accumulation of petroleum include: (1) gas pressure; (2) gravity, in 
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association with the buoyant force of water resulting from difference in 
density, or the gravity differential between water and petroleum; (3) 
hydraulic pressure developed by flowing waters in subterranean chan- 
nels; (4) earth pressure, the result of diastrophism; and (5) capillarity 
which, by reason of differences in surface tension between water and 
petroleum, results in segregation of the two fluids and concentration of 
petroleum in the more porous rocks. 

Gas Pressure. — It has been stated previously in this chapter that 
natural gas is a universal accompaniment of liquid petroleum. The 
“fixed” hydrocarbon gases (principally methane and ethane) are prob- 
ably formed as a product of the same reactions th^t are responsible for 
the formation of liquid petroleum. Furthermore, as we have seen, the 
liquid hydrocarbons have a strong vapor tension, tending to enclose 
themselves in an atmosphere of their own vapors. This vapor tension 
increases with temperature so that at temperatures readily attainable 
within the earth’s surface the hydrocarbons constituting petroleum may 
at times exist only in the vapor phase. Even though subsequent con- 
densation of these vapors should occur, there is always formed as a result 
of such vaporization, an appreciable percentage of fixed gases which are 
not condensable under ordinary pressure and temperature conditions. 
Though these hydrocarbon vapors and gases are somewhat soluble in the 
liquid hydrocarbons, it is evident that the processes involved could 
easily account for large volumes of free natural gas in close association 
with deposits of liquid petroleum. The field evidence confirms this 
reasoning, gas being always in evidence wherever liquid petroleum is 
produced — frequently under high pressures and in enormous volumes. 
Gas pnissures as high as a ton to the square inch are sometimes recorded. 
Individual wells drilled into certain “pools” have had initial productions 
in excess of 100,000,000 cu, ft. per day, and have averaged many millions 
of cubic feet per day for long periods of time. 

Gas moves with freedom through the interstiaes of porous rocks. It 
exerts pressure equally in all directions, and in its effort to flow from high- 
pressure toward low-pressure areas within the earth, liquid petroleum is 
carried along with it. The liquid petroleum may be carried as films 
surrounding gas bubbles, or it may be pushed through the rocks in. 
relatively large volumes ahead of the gas. 

Selective Action of Gravity on Rock Fluids. The Anticlinal Theory , — 
Below the level of the water table, where temperature and pressure con- 
ditions permit, rocks are generally saturated with Water. Movement of 
gas as well as of liquid petroleum is undoubtedly brought about in many 
instances by the selective action of gravity on the rock fluids. Inundated 
globules of oil tend to float in water by reason of their lower density, and 
accumulate in the upper horizons of the porous strata to which they have 
access. Such migration is not necessarily vertically upward, movement 
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up-dip along the under side of an impervious capping often contributing a 
considerable horizontal component. If we consider the gas pressure and 
hydrostatic forces at work sufficient to overcome the resistance offered 
by the rock pores, it is obvious that the oil globules will continue to move 
up-dip until they are trapped, or until they reach the highest point in 
the stratum in which they are stored. 

Unless the oil-containing stratum is covered by an unbroken, impervi- 
ous cap rock, the oil will escape to overlying formations until it encounters 
an impervious stratum. The crests of domes and anticlines serve in this 



Fig. L- -11 lu.stratinK ideal anticlinal conditionis. 

The figure sliows tv'o productive fiyiumetncttl anticliiiCB with intervening barren syncline. Gravita- 
tional segregation of gas, oil and water in the anticlinal crests of the oil-bearing stratum has been com- 
plete. Well No 1 lb a gas well, but No 2 is an oil well, No 2 produce.^ both oil and water; No. 4 is a 
water well. 


way as elevated structural traps in which the oil and gas, under the 
influence of hydrostatic forces, tend to accumulate (sec Fig. 1). Gas 
being lighter than oil, will tend to accumulate under the influence of 
these same forces in the upper levels of the anticlinal trap, while oil will 
occupy an intermediate zone between the gas and the underlying water. 
So many oil fields show evidence of anticlinal structure, with the major 
accumulations invariably found at or near the structural crest, that pros- 
pectors for petroleum seek first of all areas in which anticlinal structure 
is in evidence*. The ‘^anticlinal theory,” embodying the principles 
just presented, is now universally accepted as the controlling factor in 
oil accumulation. 

(Consideration of Fig. 1 will make it clear to the reader that inclination 
of the strata must have a considerable influence on the effectiveness with 
which the forces causing migration may operate. The greater the dip 
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of the formation, the more rapidly will transportation of the oil and gas 
be effected, and the more complete will be their separation from water 
and from each other. Other factors, such as rock porosity, gas pressure 
and gravity and viscosity of the oil, will also influence the rate of migra- 
tion and the completeness of separation of the rock fluids. 

Migratory Ground Waters. Hydraulic Pressure . — It is definitely 
known that meteoric waters are often migratory and flow within the 
earth’s surface in well-defined channels. Such movement, while slug- 
gish, due to the resistance to flow which it must overcome, is persistent, 
and the water may flow in one direction over long periods of time. It is 
thought that the carrying effect of ground waters in continual motion in 
this way may be instrumental in transporting globules of oil. We may 
think of this as due to hydraulic pressure, a force obviously of quite 
different character from that developed by hydrostatic forces as described 
above. Globules of oil flowing in underground water channels may, by 
reason of their lower specific gravity, be trapped in stagnant anticlinal 
crests, just as driftwood accumulates in quiet pools along the shore lines 
of surface streams. 

Earth Pressure. Diastrophism . — When sedimentary strata are 
subjected to forces which bring about the formation of anticlinal and 
synclinal folds, great differences in pressure within the deformed strata 
must result. The inner portion of a fold is subjected to compression, 
the outer to tension. Both n^sult in shrinkage of pore space and expulsion 
of fluids formerly contained within the rock. Diastrophism varies® in 
intensity at different points within the earth’s crust, and fluids expelled 
from rocks in the region of greatest deformity flow toward the areas 
where folding is less intense and where more moderate pressures prevail. 
During this expulsion of the rock fluids, water, oil and gas may be forced 
to migrate and will tend to accumulate in anticlinal crests in much the 
same manner as in the case of direct hydraulic pressure. 

Capillarity. — Water has a surface tension nearly throe tihies that of 
petroleum; therefore capillarity is proportionately effective in its lifting 
power. The openings in rocks are, for the most part, of capillary size, 
and through capillary attraction they exert a selective action on the two 
fluids, drawing water into the close-grained rocks and displacing petro- 
leum which is forced into the rocks of greater porosity.’^ While it would 
appear difficult to explain the extensive migrations of petroleum that 
have occurred in some instances as due to the operation of differential 
capillarity, it seems reasonable to assume that this force may be instru- 
mental in effecting local segregations water and oil. Lenticular segre- 
gation of oil in sands may be explained on this basis, and capillarity may 
assist in forcing petroleum out of the rocks in which it is formed, into 
more porous rocks, where gas, hydrostatic, hydraulic and earth pressure 
may be effective in bringing about the major concentrations.'^ 
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LITHOLOGICAL CHARACTER OF PETROLEUM -BEARING ROCKS AND 

ASSOCIATED ROCKS 

A knowledge of the lithological characteristics of sedimentary .rocks 
will be of value to the prospector in studying both the oil reservoir 
rocks and the enclosing cap rocks. The first essential condition in the 
formation of a commercially important deposit is that there must be a 
porous fractured, cavernous or creviced stratum in which the oil may 
accumulate, and that this be overlain by an impervious cap rock which 
prevents escape of the oil after its concentration has been effected. 

Oil Reservoir Rocks. Significance of Porosity . — Reservoir rocks are 
usually sands or sandstones, often loosely cemented so that the percentage 
of voids may range as high as 37 per cent. The average sandstone has a 
porosity of about 16 per cent. Many oil-producing sands range between 
20 and 25 per cent in porosity. Conglomerates, if not too thoroughly 
cemented, may have porosities as great as sandstones. Dolomitic 
limestones have porosities as great as 12 per cent, due to replacement of 
lime with magnesia, and in certain regions serve as important reservoir 
rocks for the storage of petroleum. Cleavage planes and solution cavities 
may increase the storage capacity of limestone to as much as 35 per cent. 
Even close-grained shales with porosities ranging from 2 to 10 per cent 
have proved commercially profitable as sources of oil in some fields. 
However, the presence of clay or shale in an oil-bearing rock must, in 
general, greatly reduce its storage capacity, the argillaceous material 
filling in between the coarser constituents of sandstone or conglomerate. 
Cementation is even more effective in reducing porosity. Obviously, 
the storage capacity of a porous stratum imueases directly with its 
thickness. 

High porosity in a granular rock results from uniformity in size and 
shape of grains, and is independent of the actual size of grain. The 
arrangement of grains i^ also an important factor in determining porosity. 
A sandstpnc made up of uniform 200-mcsh spherical grains has as high a 
porbsity as a similar one of 20-mcsh grains. It can be demonstrated 
mathematically that true spheres of uniform size, packed as closely as 
possible, have a porosity of 25.95 per cent. If rook particles are spherical, 
but of assorted sizes and closely packed, the porosity will be less than 
this. Only when the granular particles are of irregular or angular shape 
may the porosity be greater than 26 per cent. 

While the size of the grain, theoretically, does not influence the 
storage capacity of a granular rock, the size of the pores between the 
grains will determine what fluids* may enter, and will have a marked 
influence upon the rate of movement of fluids through the rock. It can 
be shown experimentally that water follows the ordinary laws of hy- 
draulics only when it flows through openings of greater than capillary 
size (i.e., tubes greater than .508 mm. in diameter or sheet openings 
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exceeding .25 mm. in width). In capillary openings water is affected 
by capillarity and does not circulate freely, due to greater resistance to 
flow. . Water may enter subcapillary openings (i.e., tubes less than .0002 
mm. in diameter, or sheet openings less than .0001 mm. wide), but 
remains fixed under ordinary temperature and pressure conditions, 
effectively preventing further circulation.^® Oil is less readily absorbed 
by rock pores than water. Natural gas, while entering the rock pores 
more readily than water, may nevertheless be displaced by the latter 
in a fine-grained sand, due to capillary action. 

The minerals present in oil-bearing sands and sandstones are of little 
significance except as a means of identifying and correlating strata. 
Quartz, feldspar, chlorite, mica, magnetite, ilmenite, amphibole, monozite 
and pyrite are common constituents of petroliferous sandstones. 

Storage capacity is not measured solely by interstitial pore space, 
but is also largely influenced by openings of other types. Joint and 
cleavage planes, vesicular openings, solution cavities, crevices formed by 
fracturing and angular cavities in brccciated rock masses often serve 
for the storage of petroleum. Available space for the accumulation of 
oil in such rock openings varies widely, and is impossible to estimate even 
though the texture and mineral content of the rock are definitely known. 

Impervious Cap Rocks. — Cap rocks overlying productive oil reservoir- 
rocks arc almost invariably argillaceous rocks — clays, shales or marls. 
Such rocks, in addition to being impervious to oil, are often pliable and 
do not fracture readily when bent into anticlinal folds. The thickness 
of the cap ro(;k is often only a few feet, though it must be sufficient to 
withstand the gas pr(»ssure in the underlying oil sand if it is to be effective 
as an oil retainer. 

PHYSICAL AND CHEMICAL EFFECTS OF ASSOCIATED ROCKS 
ON PETROLEUM 


Laboratory investigation has demonstrated that oil filtering through 
certain types of clays and earths (particularly fullcr^s earth) undergoes 
changes in chemical constitution and physical characteristics. Such 
filtration effects partial dccolorization and a certain degree of fractiona- 
tion. Light-colored, transparent, mobile oils of low specific gravity are 
thus derived by natural i)rocesscs from comparatively heavy, viscous 
and dark-colored crudc'S. It seems probable also that many of the 
impurities found in petroleum are accumulated during its migration 
from scattered points of formation to the reservoir in which it is finally 
concentrated. Some authorities note an increased percentage of sulphur 
in the oil in certain regions as it travels farther from the rocks in which 
it was formed. 
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GEOLOGICAL STRUCTURES FAVORABLE TO ACCUMULATION OF 

PETROLEUM 

It has been shown that the forces causing migration of petroleum tend 
tp concentrate oil and gas in the upper horizons of folded porous strata, 
particularly in the crests of anticlines. The prospector is therefore 
attracted in his search by indications of anticlinal structure in any of its 
various forms. These include symmetric and asymmetric anticlines, 
domes, monoclines and terraces. Faults and unconformities are 
occasionally instrumental in isolating the rock fluids in parts of formations 
in such a way as to influence the accumulation of petroleum. Lenses of 
porous rocks in close association with carbonaceous shales off^er favorable 



Fig. 2. — Illustrating a simple a.syTnmetric, anticHiie with two oil-bearing strata. 

Note change in dip of axis of fold (line (i-ff) B-C iiidicales the width of the productive area for the 
upper sand, E-F that of the lower santl Axes of folds (at A and fJ) lie near the left edge of the produc- 
tive area. Well No. 1 is productive; No 2, only a short distance away, is barren. Well No. 4 produces 
from the upper ‘sand only, No. 3 from both upper and lower sands. 

« 

* 

conditions for oil accumulation. Salt domes and volcanic “necks^^ 
have in some fields been responsible for accumulations of petroleum, due 
to flexuring of strata into which they are intruded. An endless variety 
of combinations of these structural features present themselves in the 
geologic study of a prospective oil field. ^ 

Anticlines. — Simple symmetrical anticlines, presenting ideal anti- 
clinal conditions for the accumulation of petroleum (see Fig. 1), are sel- 
dom found in nature. Usually (jne flank is steefxu' than the other, in 
which case the more common form of asyinmetri(! anticline results (see 
Figs. 2, 3, 4 and 5); or the axis of the anticline plunges, i.e.^ is not level 
(see Fig. 5). A common type of asymmetric; anticline, known as 'ter- 
race structure'' in certain fields, has one flank nc^arly vertical and the 



PETROLEUM EXPLORATION AND PROSPECTING 


19 


other inclined at only a few degrees from the horizontal (see Fig. 4). 
Overturned folds and intense folding may result in exceedingly complex 
structures, often difficult to, interpret from the field evidence (see 
Fig. 6).‘« 



(After FT. H, Emmona), 


Fig, 3. — An asyinmoiric aiitifliiml fold aloriK the flanks of a major uplift, illustrating how 
greater accumulations of petroleum may l)o found on the hasinward side of an anticline. 
Note in level of tlio edge-water lines on opposite flanks of the anticline. 



Fig. 4. — Illustrating oil accumulation on “terra(!e structure.” 


It must be remembered that the axes of anticlinal folds are seldom 
straight lines, but curve in both the horizontal and vertical planes (see 
Fig. 8). Where they curve sharply, strata on the inside of the fold are 
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compressed while those on the outside are put under tension, thus forcing 
the oil toward the outer flank, away from the point of greatest compres- 
sion. Especially prolific concentrations of oil may be expected where a 



Fra. 5. — StcreoRrain of a plunging; anticline. 

Wells Nos. 1 and 2 arc productive; No. 3 encounters edge water. 



Fia. 6. — An overturned anticlinal fold, showing how one well may intersect the same oil 

sand three times. 

c 

change in strike of the axis occurs, and especially on the convex side of 
the fold.“ 

Many anticlinal folds that are productive of oil occur along the 
lower flanks of major uplifts. The greatest accumulations of oil in 
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such cases are generally found on the basinward flank of the anticline, 
this side having the advantage of a greater area over which concentration 
of the oil has been operative (see Fig. 3).'® In some cases the three 



Fiq. 7. — Dome structure illustrated in plan view by structure contours and by vertical 
sections through the major and minor axes. 



Fig. 8. — Structure contour map .showing form of top surface of a producing oil sand and 
illustrating manner of indicating various structural features. 

Oil accuinulatea under the three domes. ' 


anticlinal zones, occupied by gas, oil and water respectively, will be 
fairly well developed, with a well-defined *^edge-water^^ line marking the 
limits of the oil pool. In other cases, particularly in low-dipping strata, 
the oil and gas will be intimately associated in all parts of the productive 
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zone, and the edges of the pool will produce mixtures of oil and water. 
The^dge-water lines are often at different levels on opposite flanks of an 
anticline, and may move up- or down-dip at times, with changes in 
porosity of the containing stratum. 

Domes. — In the case of domes (qua-quaversal structure), we have the 
conditions favoring high concentration of oil and gas best developed. 
The structure here dips off in all directions from a crestal point, and oil 
is concentrated from all flanks over the entire area of the dome toward 
its summit. Many of the most productive oil fields exhibit well- 
developed dome structure, and in nearly every case the highest con- 
centrations of oil and gas are found at or near the structural crest. 



{After G 1) Harris, La Geol. Survey). 
Fig. 9, — A typical salt dome deposit. 

Oil accumulates in porous limestones abovi* and on the flanks of the salt core. 


« Domes are of various forms (svo Fig. 7 and 8). They arc the result 
of two or more intersecting anticlin(\s or of local variations in dip on the 
flanks of some larger fold. More rarely they arc formed by pressure 
from below of intrusive igneous rocks, or as a result of pressure developed 
by the crystallization of large bodies of salt (salt domes, see Fig. 9). 
Popular usage does not clearly distinguish between what are sometimes 
called ^'elongated domes'’ and ordinary anticlines. All anticlines are long, 
narrow domes in the sense that they are closed structures, plunging or 
flattening out at each (*nd w{i<‘rc they m(Tgc with other structures, 
Hager“ suggests that only closed structures in which the length *does 
not exceed three times the* width, be spoken of as domes. 

Locating Test Wells on Domes and Anticlines. — In locating test wells 
on dpme and anticlinal structure, the prospector should aim to penetrate 
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the petroliferous stratum at its structural crest. Here nature's forces 
are concentrated — ^the gas pressure is greatest, and the possibilities of 
high and long-continued production are at their best. A well drilled in 
any other location, if unproductive, would still leave the presence or 
absence of oil in the formation in doubt. An unproductive well on the 
structural crest settles the issue at once unless there is reason for believing 
that the sands arc lenticular, or are influenced by irregular cementation. 
The only exception to this general rule of locating the test well to intersect 
the supposed oil-bearing stratum at its structural crest, is in cases where 
abnormally large gas concentrations under high pressure are expected, 
due to unusually favorable structural conditions. In such cases, a well 
directly on the crest of the structure might produce only high-pressure 
gas for a considerable period before oil could force its way up from lower 
levels into the well. A well located slightly down-dip from the structural 
crest would in such a case produce oil at once, and could be operated 
under more favorable conditions.^* 

It is well to remember in selecting sites for test wells on asymmetric 
anticlines that the productive limits of the pool will probably extend 
farther from the axis in th(' dirc'ction of the flat-dipping flank than on the 
side of the steeply inclined flank (se(i P1g. 2). Consequently, if there is 
doubt concerning the precise^ location of the axis, preference should be 
given to the flat -dipping side in locating the initial well. 

In determining the location of axes of asymmetric folds at depth from 
surface measureimmts, it should be noted that the axis of a stratum 
several thousand b^et deep may be in quite a different position than are 
the axes of the surface strata, though they are parts of the same fold. 
This is demonstrated in Fig. 2, in which it may be observed that the axes 
of the deeper strata fall successively to the right of the over-lying strata. 
It is obvious that a can^ful structural study based on accurate field data is 
essential before a test well ctui Ix' properly located to penetrate the oil 
stratum at its structural cix’st. 

Monoclines. — When the crest of an anticlinal fold is eroded away,* a 
partial cross-section of the strata making up the fold is exposed at the 
earth's surface and the undisturbed lower flanks form what are called 
^^monoclines.’' (See Fig. 10.) If one or more of the outcropping strata 
contain oil, the nature of the material will be made evident by accumula- 
tions of oil and bituminous materials along the outcrop. The upward 
pressure of gas and the hydrostatic head, still operative in the oil-bearing 
strata, tend to force the oil out of the sands, accumulating it in pools on 
the earth's surface, from which it evaporates or is carried off by the 
natural water courses. Wast age of oil, as a result of erosion of anticlinal 
crests and exposure of oil-bearing strata, has undoubtedly been responsi- 
ble for the dissipation of much of the petroleum accumulated by nature's 
processes in former geologic periods. Fortunately, if the deposit is a 
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large one, the oil is capable, by reason of its own physical properties, of 
sealing the outcrop and preventing escape of the oil originally stored in 
the lower flanks of the fold. This is accomplished by evaporation 
of the lighter and more volatile constituents of the oil, leaving in the 
surface rocks a residual product of solid paraffin or asphalt which com- 
pletely closes the rock pores and prevents further migration from below. 
The remnants of oil deposits, so exposed and yet protected from further 
loss, are readily located by their prominent bituminous outcrops, are 
easily developed and serve as important sources of petroleum in many 
fields. 



Fig. 10, — Illustrating simple monoclinal stnieture. 

The shallow well, No. 1, produces heavier, more viscous oil than No 2, due to evaporation of the 
lighter constituents at the outcrop. Well No. 3 encounters eilge water. 

' In locating test wells on monoclinal structure, the wells must be 
located sufficiently down-dip to poiuitrato the oil stratum below the zone 
ofr oxida'tion, which may extend for several hundred feet below the out- 
crop. Oils produced from the upper portion of the stratum, near the 
outcrop, are likely to be heavy and viscous, and the wells will be small 
producers because of the difficulty of inducing flow from the sands and 
because of the absence of gas. Except for this limitation, considerations 
influencing location of wells bn monoclinal structure are identical with 
those discussed in connection with anticlines and domes. If the dip of 
the outcropping .strata is measurable, it is a simple matter to calculate 
from the observed angle the proper distance of the well from the outcrop, 
to intersect the oil zone at any desired depth. 

Faults. — Faulting, being the result of the same earth forces that bring 
about folding of strata, is often in evidence in oil-bearing formations, 
and must be considered as a factor in oil accumulation. A fault may 
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intersect an oil deposit and so displace one portion with respect to the 
other that for all practical purposes they become separate deposits 
(see Figs. 11, 12 and 13),^^ Faults sometimes fracture a porous monocli- 



Fig. 11. — A faulted monocline. 

The illustration shows how a fault may interpose an impervious stratum norosa tlic* lower part of an 
oil-benriug stratum, pennitting accumulation of a deposit of petroleum, w’hich is sealed by the fault 
“gouge” and prevented from escaping up the dip of the structure. Wells Nos. 1 and 3 are productive. 
Well No. 2, halfway between, encounters edge water. 



Fig. 12. — A faulted anticlinal arch. ' 

The figure illustrates oil accumulation on both the ua-throw and down-throw sides of a fault, and 
shows how faulting may leave barren places in anticlinal structure. Wells Nos. 1, 3 and 4 are pro- 
ductive; No. 2 encounters edge water; No. 3 intersects the fault plane. 

nal stratum, formerly barren of oil, and interpose a stratum of imper- 
vious clay or shale across the faulted face in such a way that a structural 
trap is formed in which oil may subsequently be concentrated. It is 
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commonly supposed that faults provide channels of communication 
between strata originally separated from each other by impervious 
beds. Fluids may thus be transferred from stratum to stratum Across 
fault planes, perhaps dissipating accumulations of petroleum through 
great thicknesses of formerly barren rock (see Fig. 13). While the influ- 
ence of faults on oil accumulations must always be somewhat problema- 
tical, they constitute a disturbing structural feature, which the prospector 
must take into account in locating test wells. 


Bifomtnous Ckjfcrop^ 


CrPcru/f 



Fig. 13. — A faulted anticlinal arch. 

The down-throw side has moved from A to A', dislocating two oil sands, B and C. The up-throw 
side of B has been eroded away, but a remnant of the up-throw side of C still remains below the bitumin- 
ous outcrop. Oil from the down-throw side of C has migrated across the fault plane and accumulated 
in the crest of a porous sand, formerly barren. 


Unconformities. — A period of erosion, perhaps accompanied by tilting 
and folding, may intervene between two periods of deposition, leaving the 
accumulations of the two periods unconforrnable at their surface of con- 
tact. Strata of the older series will thus dip at entirely different angles 
than do those of the younger scries. Scaling of porous beds of the lower 
series, by impervious layers of clay or shale at the base of the upper series, 
may provide favorable conditions for the accumulation of petroleum in 
the older rocks, against the unconformity (see Fig. 14). In other cases, 
oil originating in the lower '.formation may flow along and across the 
unconformity, accumulating in upper strata only remotely related with 
those from which the oil emanates. Such conditions are exceedingly 
difficult to decipher in the field, <and surface structural studies will be of 
little assistance in working out the true situation. 

Lenticular Deposits. — ^Lateral variation in oil-bearing strata, 
particularly in sands and sandstones, is often responsible for marked 
changes in the oil content of strata at different points (see Fig. 15). This 
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is due to variation in character of grain structure, cross-bedding and other 
irregularities resulting from the manner of original deposition of the con- 
taining rock. The result is a succession of lenses of porous sands 



Fia. 14. — Illustrating accumulation of petroleum against an unconformity. 
The impervious stratum at the base of the upper series prevents escape of the oil. 



Fio. 15. — Lenticular deposits. 

Lenses of coarse sand embedded in oil-bearing shales serve as loChl centers of eoneentration. Well 
No. 1 produces from two lenses, No. 3 from only oi^. Well No 2, between No. 1 and No. 3, 
is unproductive. 

embedded in relatively close-grained, rocks, the whole forming what is 
apparently one continuous, fairly well-defined stratum. Oil naturally 
seeks out the porous lenses in which to accumulate, leaving the less 
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porous rocks comparatively barren. In general, the major concentra- 
tions would be influenced by anticlinal structure in such a lenticular 
stratum, but surprising differences in saturation of the sands will be in 
evidence. Perhaps the crest of the structure, which would ordina’rily be 
selected as the best site for a test well, will be almost barren, while an 
apparently less favorable position, with respect to the structural evidence, 
will be highly productive. Such conditions can scarcely be taken into 
account in geological surveys for the location of test wells, and constitute 
one of the inherent uncertainties with which the oil prospector must 
contend. 



{After F. G. Clapp). 

Fig. 16. — IllustratiuR occurrence of oil on the flanks of an intrusive volcanic neck. 

Oil accumuhvteH in upturned edges of porous sedimentary rocks Well No. 1 may produce oil from 
two horizons, while No. 2, located nearer th»* intrusive contact, produee.s only from the upper horizon. 


It has •been stat-(‘d that the original organic material from which 
pf?trolciim is derived was probably deposited in sedimentary marine strata 
in shallow waters along the shores of bays and lagoons. Most sedimen- 
tary strata are laid down against shore lines, and any cross-bedding 
that might be developed, as well as any segregation of coarse and fine 
detritus during deposition, would be roughly parallel with the shore line 
against which it has been formed. It follows that the lenses or channels 
of relatively porous sands in which petroleum later accumulates should be 
approximately parallel to the shore lines of the period in which they were 
formed. Field evidence shows this to be generally true.’^ The location 
of ancient shore lines is therefore of assistance to the petroleum 
prospector in aiding him to predict the probable trend of lenses and chan- 
mds that arc responsible for unequal distribution of petroleum in the con- 
taining stratum. 
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Salt Dome Deposits. — In portions of the Gulf Coast field of the United 
States, petroleum is found in close association with deposits of salt (sec 
Fig. 9). The salt deposits have been responsible during their accumula- 
tion for considerable upward pressure, resulting in doming of the over- 
lying sedimentary rocks. This is probably a result of the expansive force 
of crystallization. Replacement of lime by magnesia in overlying lime- 
stone beds has brought about dolomitization, leaving the limestone fairly 
porous. Doming of the sedimentaries has effected concentration of 
petroleum contained in the surrounding rocks, which accumulates in the 
dolomitic limestone at the summit and along the flanks of the domes. 

Petroleum Deposits in Association with Volcanic Intrusions. — In 
certain Mexican fields, petroleum is found in sedimentary strata, the edges 
of which have been folded up along the flanks of volcanic necks (see Fig. 
16). Apparently, in such cases the intrusive igneous rocks have merely 
been responsible for the development of folds into which oil has migrated 
from the surrounding sedimentary formations. Such deposits are rare 
and do not constitute any exception to the universal derivation of petro- 
leum from sedimentary rocks. 


SURFACE INDICATIONS OF PETROLEUM 

The attention of the prospector is often attracted by surface indica- 
tions which have come to be regarded as indi(;ative of the presence of 
petroleum. These include oil seepages, hydrocarbon gas emanations, 
bituminous out(U'ops and deposits of asphalt and paraffin waxes. In 
addition to these positive indications of petroleum, there are other 
occurrences which do not necessarily indicate the presence of petroleum, 
but which are often associated with oil deposits. Salt and brine, sulphur 
and sulphurous waters and gases, acid waters, oil shale and burnt shale, 
are commonly regarded as offering corroborative but not , conclusive 
evidence. 

Oil Seepages.- "Oil seepages offer the most direct evidence of the 
presence of petroleum. In f)laces where oil-bearing rocks outcrop at the 
surface, or where the cap rocks overlying an oil deposit have been frac- 
tured, oil may come to the surface as ^^oil springs,’’ or may accumulate in 
pools along the outcrop or fault plane. The flow of oil is seldom copious 
because of the tendency of petroleum to seal such outlets by the accumu- 
lation of solid hydrocarbons, resulting from evaporation of the lighter 
liquid constituents. Petroleum escaping in this way, even in minute 
quantities, will often make its presence Icnown by the formation of irides- 
cent films on water in ponds, wells, springs and streams. This film, which 
is quite characteristic, somewhat resembles that formed by oxide of iron, 
but the latter will be readily distinguished by its brittleness. The oil 
film is cohesive and persistent, and displays a peculiar tendency to 
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disperse on the water surface when brought into contact with a little 
ether vapor, or with a drop of ether on the end of a glass stirring rod. 

Hydrocarbon Gases and Related Phenomena. — Because of * their 
common association in nature, hydrocarbon gases are also significant 
indications of the presence of petroleum. Cap rocks may be sufficiently 
impervious to prevent oil seepages from reaching the surface, but the 
slightest crevice or joint plane will serve for the passage of gas. Hydro- 
carbon gases, being colorless, are not so conspicuous as oil seepages, but 
their presence is often made apparent when associated with oil, by their 
characteristic petroleum odor. They burn readily and are explosive 
when mixed with proper proportions of air. 

The petroleum odor of hydrocarbon gases associated with oil deposits 
is often masked by the stronger odor of hydrogen sulphide and sulphur 
dioxide, with which they are commonly contaminated in nature. The 
characteristic odor of ammonia is occasionally observed in gases associ- 
ated with petroleum. Rogers* has suggested that ammonia m£iy be 
derived from naturally occurring ammonium compounds, such as ammo- 
nium sulphate, by contact with hydrocarbons in either the liquid or 
gaseous phase. Inter-rcaction of the two sulphur gases with water 
sometimes results in the formation of native sulphur in the form of a 
sublimate about the openings through which the gases escape. Sulphuric 
acid similarly formed may give the ground waters of the locality a slight 
acid reaction. Rogers also suggests that sulphur and sulphur compounds 
are in many cases derived from sulphates by the reducing action of 
hydrocarbons. Pyrite, though often present in rocks associated with 
oil and gas, is not considered as an indication of petroleum. The presence 
of sulphur and sulphur gases cannot be regarded as more than corrobora- 
tive evidence, since they are often formed by reactions which are not in 
any way related to the occurrence of petroleum. Even hydrocarbon 
gases are not infallible evidence, as “marsh gas,” which is chiefly meth- 
ane, is often found where oil is not. If the gases are “wet,” i.e., if they 
contain ethane, propane, butane or hexane as well as methane, the 
presence of liquid petroleum in association with the gas is more definitely 
assured. 

When escaping through argillaceous rocks at the earth^s surface, gases 
have a tendency to build up clay mounds about the openings through 
which they issue. These mounds, generally in the form of a cone, are 
called “ mud volcanoes.” They vary greatly in size from small ‘^pimples” 
to hills covering several acres, jind simulate on a small scale all the 
characteristics of true volcanic activity. On erosion, the crevices on 
which the mounds accumulate may become filled with mud, forming mud 

♦Rogers, G. S., '"Chemical Relations of Oil Field Waters in the San Joaquin 
Valley, California,’" U. S. Geol. Survey, Bvll. 653, 1917. 
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dikes. Mud volcanoes and mud dikes prominently mark the position of 
gas “seeps” in many oil fields.® 

Bituminous Outcrops. — When liquid hydrocarbons are subjected to 
contact with air, evaporation of the lighter constituents leaves a solid 
residue of asphalt or paraffin wax. Oxidation of the heavier hydro- 
carbons is also a factor in this process of solidification. The sandstones 
in which these solid hydrocarbons are deposited become tough and resis- 
tant to weathering and disintegration, forming prominent bituminous 
outcrops where the oil-bearing strata intersect the surface. These 
bituminous deposits are quite characteristic, and in many fields have 
attracted the attention of prospectors to the particular strata with which 
they are associated. In some instances deposits of liquid petroleum are 
found in monoclinal structures a few hundred feet down the dip of the 
strata, below the outcrop. In other cases, bituminous sands are appar- 
ently merely remnants of former oil deposits which have been eroded 
away. In any case, however, they prove in no uncertain manner that 
the strata in which they occur are petroliferous; and they may serve to 
focus attention on their particular horizon in anticlinal structures in the 
vicinity, where sealed deposits of petroleum may be found. 

If the bituminous material has been subjected to weathering and 
oxidation, only traces of the petroleum formerly present will be in evi- 
dence, occasionally so little that delicate tests must be made to determine 
its presence. Petroleum hydrocarbons are soluble in chloroform, ether 
or carbon bisulphide, the solvents being discolored to various shades of 
brown by the hydrocarbon dissolved. The depth of color depends upon 
the amount of soluble hydrocarbon present, but the test is very delicate 
and only a trace is necessary to bring about the distinct discoloration of 
the solvent. A little of the dried and powdered material heated to red- 
ness in the closed end of a glass tube will yield oil vapor which condenses 
near the open, cold end of the tube as a yellowish-white or brownish 
“fog,” or in small drops. Black manganese oxide often stains a sand or 
sandstone so that it apparently contains a carbon-like residue, but i£ is 
readily distinguished when the solvent and heat tests are applied. 
Certain carbonate waters and other aqueous solutions containing in sus- 
pension finely divided and concentrated organic residues of vegetable 
origin, closely resemble petroleum in general appearance, but have none 
of its specific properties. 

Mineral Waxes. — The mineral waxes, particularly Gilsonite, Graham- 
ite, Albertite and Ozocerite, are derived directly from liquid petroleum 
by segregation of the lighter constituAits. They are commonly found 
in veins or fissures and are often spoken of as “intrusive” petroleum. 
Such deposits are sometimes directly connected with deposits of liquid 
petroleum, and in any case serve as conclusive evidence of the petroliferous 
character of the rocks in which they are found. Outcrops of such veins, 



32 


PETROLEUM PRODUCTION ENGINEERING 


or even fragments of mineral wax resulting from erosion of wax deposits, 
are therefore of interest to the prospector for petroleum. 

Bituminous Shales. — Deposits of bituminous shale containing kero- 
gen'^ from which petroleum may be derived by natural processes, though 
offering no definite assurance that petroleum is present in association 
with them, are nevertheless indications that the prospector cannot afford 
to ignore.* When the raw material from which petroleum may be 
derived is known to be present in the region, a search for localities in 
which the conditions are favorable for the necessary metamorphosis and 
accumulation may result in the location of deposits of liquid petroleum. 

Strata containing bituminous shales have in some cases become ignited 
— perhaps spontaneously — and all or most of the carbonaceous material 
has been consumed, leaving hard, resistant layers of burnt shale.” 
Such shales arc usually highly colored by red oxide of iron, and because of 
their hardness and resistance to weathering, often form the crests of 
prominent ridges and ^Hables.” Even though they are no longer car- 
bonaceous, the knowledge that they were so at one time may be sug- 
gestive to the prospector in searching for localities which might have 
escaped the destructive agency, or for localities in which hydrocarbon 
vapors might have condensed, forming deposits of petroleum. 

Saline Ground Waters. — Knowledge of the universal association of 
salt water with petroleum stimulates interest on the part of the prospector 
in all brine springs and deposits of salt. Such occurrences, , however, 
are very common in nature, and arc not necessarily indicative of the 
presence of petroleum. They arc to be regarded at best as nothing more 
than corroborative evidence to substantiate predictions based on other 
and more positive indications. 

“Paraffin Dirt.” — In the vicinity of the salt domes of the Gulf Coast 
region, the surface soil contains quantities of a yellow, waxy substance 
resembling parafiin or beeswax, which has been given the name of “paraf- 
fin dirt.” It is supposed by oil prospectors to be indicative of the 
presence of petroleum in the vicinity, but many question its supposed 
intimate relationship. A detailed study of several such occurrences has 
led to the opinion that it is derived from decomposing vegetable matter 
in the soil, and is not related to the petroleum deposits of the region. 

Stunted Vegetation. — The effect of petroleum present in surface soil 
is detrimental to the growth of vegetation. Plant life in such soils is 
either entirely lacking or is stunted. So marked is this influence 
in regions where vegetation is ordinarily prolific, that in certain instances 

* The “pyro-bituinens” do not, as a rule, respond to the solvent tests described 
alx)ve, and must be heated before their carbonaceous character becomes evident. A 
little of the powdered material, heated to redness in a glass tube closed at one end, 
will yield oil vapors which condense on the walls of the cold end of the tube. The- 
odor of these vapors is quite characteristic. 
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attention has been directed to the soil, which on examination has been 
found to contain traces of petroleum. Since plant life may be absent 
for many other reasons than the presence of petroleum in the soil, such an 
occurrence is of only slight significance. 

SUBTERRANEAN EVIDENCES OF PETROLEUM 

It often happens that regions in which the presence of oil is suspected 
give little or no surface evidence on which to base predictions or estimates 
of oil content. If strata of suitable age — which, perhaps, arc known to 
contain oil elsewhere in the region — are within reach of the drill, and if 
the geologic structure is favorable, the prospector may decide to drill a 
test well even though there is no tangible surface evidence. In such a 
case the conditions within the well must be closely watched for signs 
which might indicate the presence or absence of oil. Even when 
’the surface signs are unmistakable, the evidence to be obtained from 
the log of the well during the drilling stage will be of great value in check- 
ing previous estimates, and in the subsequent development of the field 
through the drilling of additional wells. 

Oil-saturated sand, or even traces of oil in the pulverized material bailed 
or pumped from the well, arc of course direct evidence, and usually justify 
a pumping test of the stratum from which they come. Such a test is 
often necessary to determine whether or not oil can be produced in suffi- 
cient quantity to repay the cest of operation. The driller will always be 
on the alert for shows'’ of oil when the drill enters a soft, porous sand- 
stone after penetrating a hard layer of close-grained “shell.” It will 
often happen that the finely pulverized material pumped or bailed from the 
well will be so thoroughly washed that its petroliferous character is not 
evident until tests are made. An ether or chloroform test will usually 
disclose the presence of oil. 

Flows of hydrocarbon gases from a drilling well arc always favorable 
evidence, especially if they contain gasoline vapors, or if they have a 
petroleum odor. Many sedimentary formations produce marsh gas 
(methane) which, if “dry” (f.c., without hydrocarbons of higher molecu- 
lar weight), is often formed in the absence of petroleum, and therefore 
it is not necessarily indicative of the presence of petroleum. 

Traces of solid or semi-solid hydrocarbons, such as mineral wax, 
asphalt, fossil resin, tar or even coal or lignite, in the returns from a well, 
constitute favorable indications of the presence of oil. 

Waters and gases containing hydrogen* sulphide or sulphur dioxide are 
generally favorable indications unless the water is hot. Hot sulphur 
waters are characteristic of regions under the influence of volcanic and 
Bolfataric activity, conditions generally unfavorable for the accumulation 
of petroleum. 
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Brine is generally looked upon as an unfavorable indication when 
encountered in a prospect well. Though it is nearly always associated 
with petroleum, it generally underlies the oil; consequently, if a well 
produces brine, it is often inferred that the zone in which oil might be 
found has been penetrated and found barren. 

In some fields it is found that the percentage of certain dissolved salts 
in the ground waters increases or decreases in a characteristic manner. 
In such cases it is possible to form some estimate of the proximity of an 
oil sand from a chemical analysis of the waters contained within the various 
strata penetrated by the well. Waters a short distance above the oil 
horizon in many fields are ‘^sulphur waters,” containing considerable 
percentages of hydrogen sulphide; but the shallow surface waters and 
those within the oil measures generally contain no sulphides. Carbon- 
ates, which are present only in moderate amounts in the shallow waters, 
increase in percentage as the oil zone is approached. If no chlorides arte 
present, the carbonates may constitute the only dissolved salts in the 
waters immediately associated with the oil. As pointed out in the preced- 
ing paragraph, however, the waters underlying petroleum, occupying the 
lower horizons of the same strata in which the oil occurs (i.e., “edge 
waters”), are often rich in chlorides. . Although the surface and shallow 
ground waters contain considerable percentages of dissolved sulphates 
these are found to diminish as the oil measures are approached, and finally 
entirely disappear. Outside of localities in which petroleum occurs, on 
the other hand, sulphates are found in even the deepest waters. 

It has been observed in many oil fields that the ground temperatures 
are appreciably higher than in regions where petroleum is not present. 
The normal temperature gradient indicates a rise in temperature of 
approximately 1°F. for each 60 or 70 ft. of depth; but in certain oil fields 
where careful temperature measurements have been made, it appears that 
there is a, rise in temperature of 1°F. for every 40 or 50 ft. The present 
d^ta arc too uncertain in character to warrant any definite correlation 
between ground temperatures and proximity to oil-bearing strata, 
but the information so far collected would appear to substantiate the 
general statement that ground temperatures higher than normal prevail 
in petroliferous formations. The prospector would therefore be justified 
in regarding unusual ground temperatures in a prospect well as corrobo- 
rative evidence of the presence of petroleum; particularly if there were 
other evidences of more positive character. In this connection, however, 
the fact should not be lost sight of that high ground temperatures are also 
characteristic of regions where vulcanism is active, and that without 
more direct evidence of the presence of petroleum, ground temperatures 
are of little significance. 

Aside from the more direct indications of petroleum suggested above, 
it should be pointed out that mere alternations of stratified porous and 
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impervious beds in horizons known to be petroliferous, are in themselves 
favorable indications.^^ Great thicknesses of either coarse or close- 
grained rocks, without variety in porosity and texture, never offer favora- 
ble conditions for the accumulation of petroleum. 

GEOLOGIC AGE OF PETROLEUM -BEARING ROCKS 

Palaeontological classification of petroleum occurrences the world 
over indicates that petroleum is not confined to any definite geologic 
period, but occurs in rocks ranging in age from the Cambrian to the 
Recent (see Table VII). While petroleum is thus distributed through 


Table VII. — Geologic Age of 1*etholeum Deposits 
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a considerable portion of the geologic column, it is found that the 
more prolific horizons may be located within closer limits. More than 
half of the world’s petroleum has been produced from rocks of Tertiary 
age.^® Paleozoic rocks have also been particularly prolific. A broad 
classification serves to indicate that the bulk of our asphaltic oil comes 
from rocks younger than the Jurassic.^** Much of the so-called paraffin 
base oil is derived from rocks older than the Permian. Lower Cretaceous, 
Jurassic, Triassic and Middle and Upper Permian rocks of North America 
are, as yet, unproductive. 
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Palaeontology finds one of its chief uses in the field of applied science, 
in petroleum exploration. Rocks may thus be identified by their fossil 
content as belonging to one or another of the geologic periods, and a 
knowledge of the petroliferous horizons of a particular region will aid the 
prospector in determining whether or not oil may be present in the 
formations within reach of the drill. 

A knowledge of the palaeontological and generic relationships* of 
petroleum greatly aids the prospector in roughly classifying areas which 
arc improbable, possible or favorable for the production of petroleum. 
Unfavorable areas for the production of petroleum include, generally 
speaking, the more extensive areas of igneous rocks, all pre-Cambrian 
strata, intensely folded mountainous areas older than the Cretaceous, 
regionally metamorphosed strata, continental or fresh-water deposits, 
thick, uniform marine formations devoid of interbedded dark shales, lime- 
stones, marls and fossiliferous sandstones. Possible petroliferous areas 
include gently folded Cambrian and Ordovician strata, saline lake 
deposits, and highly folded marine strata younger than the Jurassic, espe- 
cially those of Ccnozoic agc.^® The prospector should give special 
attention to all marine and brackish water sediments younger than the 
Ordovician, especially if they are not intensely folded or faulted. Condi- 
tions are particularly favorable if the formation is made up of porous, thin- 
bedded sandstones, limestones and dolomites interbedded with shale; and 
if it appears that the sediments have been deposited in salt water at com- 
paratively shallow depths. 

THE PETROLEUM PROSPECTOR, HIS EQUIPMENT AND METHODS 

Equipped with a knowledge of the characteristics of petroleum, with 
its manner of formation and accumulation, its associations and occurrence 
in nature, it is the task of the prospector to apply this knowledge in the 
field in the location of new deposits. The nature of the work requires a 
happy combination of technical and practical ability, a power to reason 
and deduce facts which must often be based on very slender and uncertain 
evidence. Ceology is not an exact science. Good judgment and practi- 
cal experience in field methods are of far greater value than mere academic 
understanding. Usually it will not be possible for the geologist to 
predict with certainty that petroleum will be found in commercial 
quantities in a given location. Perhaps the best information we can 
expect from him will be a statement that conditions arc either favorable 
or unfavorable; and if favorable*, the best position within the prospective 
area for the location of a test well should be selected by him. The 
possibility that a well thus located by scientific methods may prove 

* White, D., Genetic problems affecting search for now oil regions, Trana.j Am. 
Instf Mining <& Met. Engrs., vol. (55, pp. 176-198, 1920. 
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unproductiv(3 is one of the inherent risks in i)etroleum exploration that 
must be recognized by all parties concerned in the enterprise. 

There are many individuals who are led to place their faith in various 
devices for locating petroleum deposits without the aid of geologic skill. 
The divining rod in its various forms, oscillating plumb bobs and delicate 
electrical contrivances are urged by their devotees and inventors as 
infallible indicators of the presence of oil. While these individuals are 
often sincere in their belief, it may be stated that there is nothing in our 
present knowledge of natural forces that would justify any reliance in 
such devices. Magnetic disturbances in the vicinity of certain oil pools 
have been noted, but they are by no means commonly associated with 
oil deposits, and their occurrence is of doubtful significance. At any 
rate, their influence on the magnetic needle and on measurable electric 
ground currents is too iniccrtain to offer a means of locating favorable 
positions for test wells. 

A perusal of the foregoing pages will convince the reader that the 
determination of geologic structure should form, in large part, the basis for 
prediction. No matter how promising the surface indications, even 
though it is certain that petroleum is present, there can be no accumula- 
tion of commercial proportions unless the geologic structures is favorable. 
With a knowledge of the importance of structure, the careful prospector 
therefore gives much time and effort to the securing of all possible data 
that will aid in interpreting the structural conditions. Dip and strike 
of outcropping strata are carefully measured. Areal maps are prepared 
indicating the position of contacts, outcrops, fault planes and all data 
possible to secure by a detailed geological survey. In many cases, lines 
of levels must be run and a contour map of the area constructed. Pala- 
eontologi(;al studies arc made to determine the gc'ologic age of the section 
under observation. The work of the prospector may lead him far afield. 
Often outcrops many miles distant will furnish evidence of the nature of 
the horizons to be tested. From such complete and accurate data, it is 
possible to prepare vertical sections which will disclose the structural 
relationships, to select the most favorable location for a test well and to 
predict approximately the depth to which the well must be drilled to rea(;h 
the petroliferous horizon. Geologic mapping will be further discussed in 
(^hap. III. 

A SELECTED BIBLIOGRAPHY ON THE SUBJECT MATTER OF CHAPTER I 
Physical Properties and Chemical Co^stitution 
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minerals on government-owned land should reside in the national govern- 
ment, and that the privilege of producing oil might only be secured for a 
definite period of time under a lease and royalty system. 

The Placer Law of 1872 

The Placer Law of 1872, under which most of our present oil-produc- 
ing properties were acquired, if on the public domain, provided that any 
citizen or alien who had declared his intention of becoming a citizen of 
the United States could preempt a tract of 20 acres or less in conformity 
with the general land subdivisions; and associations of eight or more 
individuals could make a joint location of 160 acres.^ The exclusive 
privilege of searching for and producing oil from the area so claimed was 
secured by merely staking it, posting a notice on the ground and filing a 
claim for it at the nearest public land office. Thereafter the claimant 
retained his exclusive rights as long as he expended at least $100 in 
developing the property during each calendar year. If he failed to per- 
form the annual assessment work,'' the land became subject to reloca- 
tion by any other claimant. After $500 had been expended in developing 
the claim," the law provided that the locator could secure a patent 
conveying absolute title, without the obligation of performing further 
assessment work, on payment of a certain nominal sum per acre, and hav- 
ing the land surveyed by a licensed mineral land surveyor. Certain 
provisions of the Placer Law were found to be inappropriate when applied 
to oil and gas land, and in 1909 large areas of prospective oil land on the 
public domain were withdrawn from entry pending the passage of a 
leasing law, which, however, was not passed by Congress until 1920. 
Placer claims located under the law of 1872 arc still valid, as long as the 
provisions of the old law are adhered to. 

The Mineral Land Leasing Law of 1920 

1 

The Mineral Land Leasing Law of 1920 applies to petroleum, natural 
gas, oil shale, coal, phosphate and saline deposits still remaining on the 
public domain. Under its provisions,^ lands containing these mineral 
products are permanently withdrawn from location and patent under the 
earlier mineral land laws, and can only be exploited on a leasing basis, 
involving payment to the government of a bonus, an annual rental and a 
royalty, or percentage of the mineral produced. The exclusive right to 
prospect for these minerals on the public domain is granted for particular 
areas having specified boundaries, through the granting of a prospecting 
permit by the Secretary of the Interior or his representative. 

Prospecting permits may be granted to any citizen of the United States 
or to any corporation, a majority of the capital stock of which is held by 
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citizens of the United States. The permit grants to the applicant the 
exclusive privilege of prospecting for oil and gas within an area of 2,560 
acres (4 sq. mi.) or less, for a period of 2 yr. However, a prospecting 
permit cannot be issued to grant such privileges within the geologic 
structure of any producing oil field. The area covered by the prospecting 
permit must be rectangular, reasonably compact in form and not more 
than 23 -^ times as long as it is wide; and it must conform with the public 
land subdivisions if the land has been surveyed. Non-contiguous tracts 
within a limited radius may be included in a permit when conditions are 
such that, because of previous grants under other laws, a reasonable area 
of contiguous land cannot be procured. The area comprised within a 
permit may not include land within any national park, forest reserve, 
Indian reservation or in military or naval reservations. The applicant 
may not hold more than one permit on the same geologic structure, nor 
more than thn^e subsisting permits within the same state. He must 
furnish three references certifying to his good reputation and business 
standing, as well as a bond of $1,000 conditioned against his failure to 
repair promptly any damage that may be done through improper methods 
of drilling and operation. 

The holder of a prospecting permit must mark all corners of the area 
covered by the permit, and must commence actual drilling operations 
with a substantial and adequate drilling outfit within 0 mo. Within 
one year he must drill one or more wells to a depth of at least 500 ft., and 
within 2 yr. he must drill at least one well to a depth of 2,000 ft. or more, 
unless valuable deposits of oil or gas arc found at shallower depths. 
Other individuals holding surface rights to the area covered by a permit 
must be reimbursed by the prospector for any damage to crops, buildings 
or other property. Twenty per cent of the gross value of all oil or gas 
produced must be paid to the government until such time as a lease to the 
land is granted. 

The life of a [)r()spccting permit may be cxt^uided over a second 2-yr. 
period if in the opinion of the Secretary of the Interior additional time 
is necessary to test the land. Some modifications are introduced into 
the time limits specified in the issuance of prospecting permits for lands 
in Alaska, because of the difficulty of conducting drilling operations in 
that region. If oil or gas is not discovered on the area covered by the 
permit within the specified time, the permit terminates and the land 
automatically reverts to the government. The government reserves 
the privilege of granting prospecting permits ordeascs for other minerals 
than oil or gas on the same area, together with right of entry for other 
parties holding such permits or leases. 

Reward for Discovery. — Upon establishing to the satisfaction of the 
Secretary of tin? Interior that valuable oil or gas deposits have been 
discovered within the limits of the land embraced in a prospecting permit. 
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the owner of the permit is entitled to a lease of one-quarter of the land 
included within the permit^ or for at least 160 acres if there be that area 
included, on a royalty of 6 per cent of the gross value of the oil and gas 
produced. The discoverer of oil and gas is entitled to a preferential right 
to lease the remainder of the land included within his permit, at such 
royalty as may be fixed by the Secretary of the Interior, and under such 
conditions as may be required of other lessees in the same locality. 

Leasing of Government-owned Oil and Gas Lands on Geologic 
Structures Known to Be Productive. — All public lands known to be 
productive of oil and gas before the passage of the leasing law of 1920, and 
all areas not covered by prospecting permits which have been proved 
productive since 1920, may be leased from time to time by the govern- 
ment, at a stated royalty, not less than 123^12 per cent, to be determined 
in each case, or an annual rental of $1 per acre for so long a time as the 
land may remain unproductive. The land is divided into tracts of 640 
acres or less — areas not more than 23^^ times as long as they are wide — 
and the tracts arc offered for lease at auction to competitive bidders. 
The lease is awarded to the individual or company offering the largest 
bonus, the bonus so offered representing the amount that the bidder is 
willing to pay for the lease in addition to the set royalty or annual 
rental. 

The successful bidder must furnish a certified check for one-fifth of 
the amount of his bid on the date of sale; and he must also file a statement 
certifying that he is a citiztm of the United States, or in the case of a 
company the articles of incorporation must be filed together with a 
statement indicating the residence and citizenship of its stockholders. 
The bidder may not hold another lease on the same geologic structure, 
nor more than two other leases, or a lease and a prospecting permit, within 
the same state. On being awarded the lease, the successful bidder must 
pay the remaining four-fifths of his bonus within 30 days, together with 
the first yearns rental of $1 per acre. He must also file a bond of $5,000 
to*be forfeited to the government in case of failure to comply with any of 
the terms of the lease. 

The lease conveys exclusive rights to drill for, remove and dispose of 
oil and gas from the land for a period of 20 yr., with a preferential right to 
renewal for successive 10-yr. periods at such terms as may be agreed 
upon by both parties. The government recognizes no obligation to 
renew the lease unless the lessee is willing to meet the terms offered by 
competitive bidders. The lessee must proceed to drill the land within 
3 mo. from the date on which the lease is granted, continuing develop- 
ment until there is at least one well on each 40-acrc tract. The annual 
rental is credited against the royalty payments — that is, rental is actually 
paid on a producing lease only when the royalty payments amount to 
less than $1 per acre per year. It is provided that the government may 
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reduce the royalty payments when the production of a well falls below 10 
bbl. per day, if it appears to the interest of the government to do so. 

The lessees must provide the government with copies of all sales 
contracts, monthly statements of production, well logs and other essential 
data in evidence of proper payment of royalties, and as proof that the 
work is being properly conducted. Government agents have access to 
the property and the records at all times. Many other details covering 
such matters as payment of taxes, wages, prevention of waste, assignment 
of leases, easements or rights-of-way, action in case of abandonment of 
property or default in terms, etc., are discussed in the “ Regulations^' of 
the General Land Office. Administration of the law once the leases 
have been granted has been placed under the control of a division of the 
U. S. Bureau of Mines. Classification of lands prior to leasing is per- 
formed by the U. S. Geological Survey. 

‘‘Relief” Measures under the Mineral Land Leasing Law of 1920. — 
Withdrawal of all unpatentod oil and gas lands in 1909, and the delay of 
11 yr. before the passage of the leasing law, left locators under the earlier 
Placer Law who had not obtained patents to their claims in a most 
unsatisfactory position. They were apparently without semblance of 
title to the withdrawn land, and yet they were obligated to continue in 
possession and to continue performance of assessment work if they would 
secure any concessions that might be allotted to them under the proposed 
leasing law. In many cases wells were sunk and oil produced and sold 
after the land had been withdrawn, on the expectation that claims located 
under the earlier law would be validated. The government instituted 
suits to recover all such lands on which oil had not actually been discovered 
prior to the date of withdrawal. These suits were contested and carried 
through the courts for many years, during which time the profits derived 
from the product of the land were accumulated in escrow pending a final 
settlement. 

1 

The Mineral Land Leasing Law of 1920 provides that if a claim to 
prospective oil and gas land had been initiated under the Placer Law 
prior to July 3, 1910, on withdrawn lands, and if claimed and possessed 
continuously from that time, and if the claimant had drilled a productive 
well on the land before the passage of the leasing law, he is entitled to a 
20-yr. lease on condition that he pay a royalty of one-eighth of the value 
of all oil and gas produced, both prior to the issuance of the lease (since 
1910) and subsequent thereto. 

At the time of the withdrawal of mineral laiids in 1909, certain areas 
were designated as naval reserves, the*intention being to reserve the oil 
under them for the future needs of the United States Navy. Under the 
leasing law, claimants to placer locations were given a lease to such wells 
as were already productive, at a royalty of not less than 123 ^ per cent, 
to be fixed by the Secretary of the Interior. New wells on the naval 



44 


PETROLEUM PRODUCTION ENGINEERING 


reserves may only be drilled by the lessee with the consent of the President 
of the United States or his representative; but in the event of further 
drilling being authorized, the original claimant to the land shall be given 
preference. 

The relief measures under the leasing law also provided that locators 
under the Placer Law who had located claims on other than withdrawn 
lands, prior to October 1, 1919 (November 3, 1910, in Alaska), but had 
not made actual discovery of oil or gas prior to February 25, 1920, when 
the leasing law was passed, would be given a prospecting permit for the 
land if they had expended $250 in development work, and were not 
claiming portions of any naval reserve. 

State-owned Oil and Gas Lands 

Under various congressional grants and by constitutional provision, 
certain public lands have at times been allotted to the several states 
under conditions that permit of future conveyance by such terms as the 
individual states may prescribe.® In some states, for example, land has 
been allotted with the intention that the money derived from the sale 
thereof shall be devoted to educational activities. Some of this land 
has later been found to contain oil or gas, and has been the sourije of 
considerable income to the states concerned. In some cases river and 
lake beds belonging to the states have been developed for oil production. 
The conditions under which such land may be purchased or leased by 
individuals varies in the different states according to legislative enactment. 
Though some state lands have been sold outright, they are customarily 
leased under a royalty system, often with competitive bonus and rental 
features similar to those of the national leasing law. Such laws have 
been enacted by Oklahoma, Texas, Louisiana, Ohio, Wyoming, Mon- 
tana, Nebraska, South Dakota, Colorado and Utah. 

Oil and Gas Rights on Indian Reservations 

Certain lands set aside as Indian Reservations in Oklahoma include 
extensive oil deposits of great value. Though such lands were originally 
inalienable or non-transfcrable, various subdivisions from allotments of 
the tribal estates to individual members have been authorized from time 
to time and some of the earlier restrictions against sale of the land have 
been removed, particularly in the case of Indians of partly white heritage. 
Leases may also be obtained frofti full-blooded Indian owners with the 
approval of the Secretary of the Interior and the Office of Indian Affairs.^ 
Congress has passed special legislation covering lands owned by the 
Osage Indians, allotting surface rights to individual members of the 
tribe, but reserving mineral rights to the tribe as a whole. Leases may 
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be authorized by the tribal council and are sold from time to time at 
auction to competitive bidders through the Department of the Interior. 
A royalty of 20 per cent is exacted for wells producing 100 bbl. of oil 
per day or more, and per cent for wells of less than 100 bbl. The 
lease agreements provide that a well must be drilled on the property to 
the Mississippi line, a formation underlying the oil horizon, unless com- 
mercial production is obtained at shallower depths. 

The Legal Aspects of Oil and Gas Land Ownership in the United 

States 

Though classed as minerals, and therefore subject to the provisions 
of the United States Mineral Land Laws, it is recognized by the courts 
that petroleum and natural gas have peculiar attributes which distinguish 
them from solid minerals. ^ Both petroleum and gas, as long as they 
remain in the ground, are a part of the realty; that is, they belong to the 
owner of the land and are a part of it, as long as they arc subject to his 
control. When they migrate to neighboring properties and come under 
another’s control, the title of the former owner is gone. The owner of 
the land has no specific title to the oil and gas within his land unless he 
takes actual physical possession of them; that is, until they are brought 
to the surface and reduced to actual possession. Thereafter, they become 
the personal property of the owner of the well through which they are 
produced. 

The ownership of the surface of the land may be separated from that 
of the different strata beneath it, and there may be as many different 
owners as there are strata. Hence, surface rights may be separated from 
mineral rights in the sale of land; but unless specifically reserved, oil 
and gas rights pass with the transfer of title to the land surface. A person 
who has title to subsurface minerals, but who lacks surface ownership, 
has the right to build a road over the land when necessary to haul machin- 
ery to the place selected for the well, and to such other use of the surface 
as may be strictly necessary for drilling and producing purposes. The 
right to drill wells to produce oil and gas from lower strata through a 
deposit belonging to another, as in drilling an oil well through a coal 
seam, exists at all times, although it m\ist be exercised in such a way as to 
do no damage to the property of others. 

Many complex questions arise in considering the rights of neighboring 
landowners producing oil and gas from the same reservoir. The courts 
have generally recognized the principled stated above, that the oil and gas 
does not belong to the landowner until n'duccd to actual possession at 
the surface; but the right to drill wells and produce oil or gas from one’s 
own land is absolute and cannot be enjoined, supervised or controlled by 
a court or by an adjoining landowner unless unnecessary negligence result- 
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ing in damage to the common source can be shown. Under this inter* 
pretation, a landowner who drills a well into an oil deposit and allows 
the gas to escape and to waste cannot be restrained by injunction unless 
unnecessary negligence is evident. However, in some states statutes 
have been passed designed to prevent waste of gas or damage by infiltrat- 
ing water, and these statutes have been declared valid. The principle 
upon which such legislation has been upheld is that no one has a right to 
waste natural resources to the injury of the public, or to wantonly 
destroy or injure a common reservoir in which others have an equal right. 
Although the owner of a well, according to one authority, may explode 
nitroglycerin or apply gas pumps or other artificial devices to increase the 
productivity of his wells, at another’s expense, there are also decisions 
to the effect that a court of equity may, under common law principles, 
enjoin a landowner from using such devices. 

OIL AND GAS RIGHTS IN FOREIGN COUNTRIES 

Abroad, oil and gas rights are almost universally regarded as property 
of the state,® and ownership of minerals is usually separate and distinct 
from ownership of the surface. Particularly is this true of the Latin- 
American countries which trace their conceptions of law back to the early 
Roman law, in which ownership of all beneath the surface of the earth 
belonged to the Empire, agricultural settlers on the land being given only 
surface rights. Throughout Latin America, the principle that no one 
may obtain fee simple title to mineral land is fundamental. Possessory 
right subject to continued payment of an annual tax is the only form of 
title given. 

In Mexico where the Latin system has attained its highest develop- 
ment, prospecting for minerals is free to all citizens, both on the public 
domain and on property owned by private individuals.® Upon discovery 
of mineral, a notice must be posted on the premises and a copy filed with a 
lo(!ral government official. The claimant is then given the exclusive 
privilege of conducting exploration work for 3 months, and if he so desires 
he may then locate his claim or claims. Aftet the claim is staked, the 
location notice must be published in the nearest local newspaper and the 
ground surveyed by a government engineer. After a period during which 
adverse claims may be brought forward, the claimant is given absolute 
title which is maintained as long as he continues to pay taxes, rentals and 
royalty. The unit mining claim, called a denouncement,” is 1 hectare, 
or a horizontal, square area measuring 100 m. on each side and containing 
2.471 acres. Four hectares constitute a petroleum denouncement, and 
any number of such units may be located by one individual, either in 
groups or separately. If the surface of the property is owned by another, 
it is necessary to secure his consent before development work is begun, 
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usually by a money payment; but it is provided that if an equitable 
adjustment cannot be effected by direct negotiations with the owner, the 
land may be condemned by court proceedings. In addition to taxes, 
an annual rental of 5 pesos per hectare must be paid to the government, 
and a 5 per cent royalty on gross production of oil and gas. Three years 
are allowed in which to begin development after the claim is staked. 

Prior to 1917, the earlier mining laws of Mexico did not nationalize 
petroleum and natural gas, the owner of the surface being conceded owner- 
ship to all hydrocarbons; but this was altered during the Carranza 
regime, and present laws consider all minerals, as well as hydrocarbons, 
the property of the government. The new laws however, are not 
intended to be retroactive; that is, leasing agreements made with land- 
owners under the old laws arc still valid, though considerable confusion 
has arisen through the efforts of the Mexican government to collect 
royalty taxes on land held under lease from private owners and in some 
cases conflicting claims have been allowed for the same land. The situ- 
ation is further complicated by the recent temporary establishment of 
20-m. ‘^federal zones along the seacoasts and zones 10 m. in width along 
the shores of inland lakes, lagoons and water courses, in which concessions 
for development and production of petroleum were for a time granted on 
a rental and leasing basis in direct conflict with previously established 
property rights in the same areas, 

Canadian laws governing oil and gas rights vary somewhat in the dif- 
ferent provinces of the Dominion.® The Dominion government has 
jurisdiction only over unappropriated crown lands in Manitoba, 
Saskatchewan, Alberta, the Northwest Territories, the Yukon Territory 
and within certain areas in British Columbia. Separate laws have been 
established governing the disposition of lands belonging to the provincial 
governments of British Columbia, New Brunswick, Ontario and Quebec. 

The Dominion Laws of 1904 provide that prospecting shall be free, a 
prospecting permit giving exclusive privileges on an area of 1,920 acres 
for a limited time; and if oil is produced in paying quantities, the prospec- 
tor may secure a patent to 640 acres on payment of $1 per acre, and the 
remaining 1,280 acres at $3 per acre. The law of 1914 makes provision 
for leasing crown lands for 21-yr. periods on payment of an annual rental 
of 50 cts. per acre during the first year, and $1 thereafter. It is provided, 
however, that rentals for the second and third years may be reduced by 
the amount expended by the prospector in conducting drilling operations, 
exclusive of casing and machinery. 

The maximum area for a petroleunl and natural gas location is 1,920 
acres, and no person is permitted to acquire a greater area except by assign- 
ment. The lessee must commence drilling within 15 mo. of the date of his 
lease, and continue development with reasonable diligence,” the 
expenditure of $2,000 or more per year on each lease being considered as 
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fulfilling the obligations of the lessee under this provision. Leases are 
to be free of all royalty payments until January, 1930. Exploitation of 
Dominion oil and gas lands is only open to citizens of Canada, or to 
registered or licensed companies having their principal places of business 
in Canada. Further legislation in 1920 extended the above provisions to 
include all Dominion forest reserves. 

Revised regulations governing prospecting for oil and leasing of lands 
in the Northwest Territories were announced following the discovery of 
oil at Fort Norman in 1920. Prospecting permits cover a maximum area 
of 2,560 acres and extend over 4 years’ time. Annual rentals are as 
stated above, and the prospector is obligated to begin drilling within 2 yr. 
and to drill a 2,000-ft. well before the end of the fourth year unless 
commercial production is secured at a shallower depth. On discovery of 
oil, the operator is entitled to a 21-yr. lease on one-quarter of the area of 
his prospecting permit, for which he must pay an annual rental of $1 
per acre and a royalty of 5 per cent until April, 1926, and 10 per cent 
thereafter. 

Regulations governing prospecting and leasing on provincial lands 
are very similar to those outlined above, except that the payments 
exacted for prospecting permits, rentals and royalties differ somewhat in 
each case. Such royalties as are assessed arc generally low, most of the 
burden on the operator being in the form of annual rentals. 

ACQUISITION OF OIL AND GAS LAND FROM PRIVATE OWNERS 

Oil and gas land may be acquired from private owners cither by 
purchase in fee, or by leasing. The latter is the more common method 
because it is less costly, though the former gives greater security and 
freedom from restrictions. 


, Purchase in Fee 

'Actual purchase of the land is seldom economical if one is interested 
only in securing oil and gas rights, and a method involving purchase of 
mineral rights or oil and gas rights exclusively will usually give the 
purchaser ownership of that which he seeks, without obligating him to 
pay for surface rights in which he is not interested. The risk involved in 
purchasing land or mineral rights may be somewhat reduced by arranging 
that payment shall be made in instalments over such a period of time as 
will permit of a test to be made of the land before full payment is made. 

• 

Leasing 

A lease may take a variety of different forms, ranging from a simple 
agreement conveying the right to produce and sell oil from the property 
for a stated period of time and for a stated consideration, to more compli- 
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cated contracts called '^working bonds/* which grant a lease involving 
term payments, or rentals, with option of purchase before a specified 
date for an agreed sum. The ordinary form of oil and gas lease provides 
for trahsfer of title to all oil and gas obtainable from the land during a 
stated period of years, or during a period limited by certain contingencies. 
The consideration is usually a percentage of the gross value of the oil 
and gas produced — often one-eighth — ^though, in many cases, it will also be 
provided that the lessee shall pay in addition an initial payment called a 
‘'bonus,** and perhaps also an annual rental. The instrument by which 
such rights arc conveyed must be drawn up in legal form, care being taken 
to state all of the conditions under which the lease is granted and the 
rights of the two parties to the agreement. On pages 50 and 51 will be 
found a typical form* for an oil and gas lease. 

Terms of the Lease. Royalties, Rentals and Bonuses; Drilling 
Requirements . — The terms which a landowner may exact for a lease 
depend upon the prospects for securing production. If his land is remote 
from productive acreage and the presence of oil beneath the tract is 
uncertain, he may have to be content with a small royalty on the future 
production ; that is, the lease may be granted without any immediate cash 
consideration or bonus. On the other hand, if the land iti question is near 
productive territory and the structural conditions seem favorable, the 
landowner will be in a position to demand an initial payment in addition 
to a substantial royalty. Both parties to the agreement naturally want 
to secure the most favorable terms. The landowner being, as a rule, 
more or less unfamiliar with the business of oil development, and suscepti- 
ble to the popular conception that huge profits are the rule, Is apt to be 
unappreciative of the risks involved and the great cost. He accordingly 
is inclined to demand more than the lease is worth. The bonus demanded 
may be anything up to $1,000 or more per acre, and royalties range from 
5 per cent of the gross value of the oil up to 50 per cent. A balance 
agreeable to the landowner must be determined between the bonus offered 
and the royalty, for the two are inter-related. Some owners prefer to 
have a large initial payment and a smaller percentage of the profits in the 
event of success, while others will be willing to share the risks and receive 
a smaller bonus and a larger royalty. In general, the lessee prefers to 
offer a higher royalty in lieu of a large bonus, since this arrangement 
reduces his preliminary outlay that is sacrificed in case the property is 
unproductive. A one-eighth royalty, or 123^^ per cent, is probably speci- 
fied more frequently than any other, though one-tenth, one-fifth and one- 
quarter are also common; however, seldom more than one-fifth is 
offered by a careful leaser. The higher royalties lead to early abandon- 
ment of the property, for as the production declines, the royalty payments 

* Printed copies of this form inny be secured from the Oil Age Piiblishing Co., 
Los Angeles, Cal. 
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fLtsmt 

THIS INOBNTUKE OP LBA8B. made and entered into thia. 
day of 19 . by and between 


hereinafter called the ^ssor (whether one or more), and. 


hereinafter called the Lesace, 

Witnrssetb 

That the Lessor, (or and in consideration of Ten Dollars to him in hand paid, the receipt whereof 
M hereby acknowledged, leases to the Lessee, all those certain pieces or parcels of land situate in the 

County nt j Slate of California, and more particularly described 

as (olloivs, to*wit ‘ 

Said lease shall be on the following terms and conditions 

1. Said lease shall continue for a period of twenty years from and after the date of this agreement, 
and so lung thereafter as oil or gas may be produced on the demced premises in paying quantities. 

2. The Lessee shall have the sole and exclusive right of prospecting demised premises and drilling 
(or and removing oil and gas therefrom, and to establish and maintain on said premises such tanks, 
boilers, houses, engines and other apparatus and equipment, power lines, pipe lines, roads and other 
appurtenances which may be necessary or convenient in the operation or production of oil or gas from 
said property The Lessee shall have the right during the term of the lease to drill for and develop 
such water on said premises as it may require in its opera tioiis 

3 ' The Lessee agrees to start the drilling of a well for oil within from 

the date of this agreement, and to continue the work of drilling such well after commencing the same 
with dpe diligence until a depth of feet has been reached, unless oil is discovered in qiianli' 

ties deemed paying quantities by the Leasee at a lesser depth, or unless such formations arc encountered 
at a lesser depth as will indicate to the geologist of the Lessee that further drilling would be unsuc- 
cessful 

4. After discovery of oil in said paying quantities in the first well, the Lessee agrees to commeme 

the drilling of a second well within ninety (SO) days thereafter, and thereafter contintiuusly operate 
one string of tools, allowing ninety (90) days between the completion of one well and the com- 
mencement of the next succeeding until wells have been drilled, including offset wells 

Nothing herein shall be considered to limit the number of wells which the Lessee may drill, should it 
so elect, in excess of the number hereinabove specified 

5. The Lessee may at any time before discovery of oil on the demised premises quitclaim the saict 
property or any part thereof to the Lessor, his suiccssors or assigns, and thereupon all rights and obli- 
gations of the parties hereto one to the other shall thcrtiipun cease and determine as to the premises 
quitclaimed. 

6 After discoiery of oil, the Lessee may at any time quite laim any part of said land to the Lessor, 
hia sucicssors or assigns Upon the quit<-Iaiming of any part of the land to the Lessor, Ins successors 
or assigns, drilling requirements shall be reduced pro rata according to acreage On the expiration of 
the twenty year period, no further v«clls shall be flnllcd upon said property and all rights of the Lessee 
therein sliall cease, except that the Lessee shall have the right to operate, deepen, redrilb and properly 
inaintain all producing wells upon the -property at that time, and to use so much of the aurface of 
the land aa may be necessary or convenient for such operations ICxcept as herein provided, full right 
to said land shall revest in the Lessor free and clear of all claims of the Lessee, except that the Lessor, 
hu successors or assigns, shall not drill any well on said land within an area of ten acres surrounding 
each producing well 

7 In the event of th6 discovery of oil in any well on adjacent properties within one hundred and 
fifty feet of the boundary lines of the demised premises, and the production of oil therefrom in paying 
quantities for a period of thirty days, then the next well to be drilled hereunder shall be so placed to 
offset said well on the adjacent properly, or if no well is being drilled and the total well requirements of 
this lease have not been fulfilledt' then within ninety days thereafter a well shall be commenced by the 
Lessee to offset such producing well on the adjacent property . 

8 Drilling and pumping operations shall be suspended on said property only in the event that 
they are prevented by the elements, accidents, strikes, lockouts, riots, delays in transportation or inter' 
ference by state or federal action, or other causes beyond the reasonable control of the Lessee, or so 
long as the price of oil of the quality produced on aaid property shall be less than seventy-live cents a 
barrel at the well. 

9. The Lessee may extend the period of commencing the first well for an additional period of 

— by paying to the Lessor -a rcnul of $ _-_per month 

for the first months of said additional period and $ — — — per month 

for the next months of aaid ad^tional period, which aaid rental shall cease when drilling 

operations are commenced or the property quitclaimed 

10 The Lessee shall have the free use of so much of the oil, water or gas produced on said prop- 
erly aa may be required in the operation of the property 

1 1. Other than the oil specified in paragraph 10 hereof .the Lessee shall pay as a rental or royalty 

fur the use of said land one of all oil produced and saved thereon, said payment to be 

made in money or in kind at the Lessor's option If the rental is paid in kind, the oil shall be delivered 
into tanka maintained on the property for that purpose as produced, and shall be stored at the Lessor’s 
risk for .i period not exceeding thirty days without charge Jf the royalty is paid in money, then the 
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Leme shall pay to the Lessor on the 20lh day of each and every calendar month one of 

the market price at the well of all oil removed from said property during the preceding calendar month. 
The option to the Lessor to take the royalty in money or in kind shall only be exercised once every six 
months, and then on thirty days’ notice in writing to the Lessee. If no notice is given, it shall be 
deemed that the royalties are payable in nuoney 

12 The Lessee shall be under no obligation to store or sell gas or water. If any gas or water is 

sold, then on the 20th of each and every month, the Leasee shall pay to the Lessor one 

of the proceeds of all gas or water sold during the preceding calendar month If casing head gaso- 
line is manufactured on the premises or elsewhere by the Lessee from gas produced in said wells, then 

the Lessee shall pay to the Lessor one- of the proceeds of the sale of said gasoline, 

less the cost of producing and selling the same 

13 The Lessee shall pay all taxes on its improvements’ the increase 

of the taxes reaulting from the discovery of oil on the said property, and of all oil stored on said land 
on the first Monday in March. The I,esser is hereby authorized to pay all the taxes on said land and 
improvements, and deduct the Lessor’s share thereof from the amount of royalties which shall fall due. 

14 All payments to the Lessor shall be made by paying the same to 

— Bank at 

15. A well in paying quantities IS hereby defined as a well which, after being pumped continu- 
ously for a period of thirty days, shall produce at least one hundred barrels of oil per day 

This definition shall not apply to wells to be operated on the expiration of the twenty year period 
or on the abandonment of a portion of the premises, and in such case, the Lessee may operate such 
wells as the Lessee in its discretion shall deem sufficiently productive to operate 

16 The Lessee shall carry on all operations in a careful, workmanlike manner, and in accordance 
with the laws of the State of California. The I^cssec shall keep full records of the operations and of the 
production and sales of products from said property, and such records and the operations on the prop- 
erty shall be at all reasonable times open to the inspection of the Lessor Whenever requested by the 
Lessor, the Lcssc shall furnish to the Lessor a copy of the logs of all wells drilled on said property. 

17. The Lessor shall have the right to the use of the surface of said land for agricultural and 
grazing purposes to such sn extent as will not interfere with the proper operation of the Leasee for oil 
The Lessee agrees to conduct its operations so as to interfere as little as is consistent with the eco- 
nomical operation of the property for oil with the use of the land for agriculural, hortirultural or graz- 
ing purposes, and agrees to pay for any damage which may be done to growing cropa or fruit treea 
through Its negligence. If any of the fences existing on said lands arc cut by the Lessee for its 
purpoaes, the Lessee shall establish a good and substantial gate at such point Whenever required by 
the I.,e8snr in writing, the Lessee shall fence all sump holes and other openings to safeguard cattle 
which may lie grazing on said land 

18. The Lessor may have the use of any water or gas developed on aaid properly for his domestic 
purposes, so long as the same is not required by the Lesser or sold The transportation of such water 
or gas shall be taken at a point to be indicated hv the Leasee and carried to the point of use at the cost 
and sole risk of the Lessor 

19 The Lessee shall have at any time the right to remove any houses, tanks, pipe linas, structures, 
casing or other equipment, apiiurtenanceii or appliances of any kind brought~ky it upon said land, 
whether affixed to the soil or not, provided, however, that in the case of an abandoninent of any well, 
if the Lessor shall desire to retain the same as a water well, he may notify the Lessee to that effect 
and thereupon the Lessee shall leave such rasing in the uril as the Lessor shall require, and the Lessor 
shall pay to the Lessee fifty per cent (50%) of the cost of such casing iit the ground. 

20 In the rvcni of any dispute as to any of the terms of this lease, or the performance of any of 
the conditions thereof by the Lessee, the same shall be submitted to arbitration.' One arbitrator ahall 
be appointed by each of the parties hereto, and a third arbitrator by the two so appointed, Any decision 
by • majority of such arbitrators shall be binding upon both parties' 

21 In the event of any breach of any of the terms or condiiions of this lease by the Lessee, ani| 
the failure to remedy the same within sixty days after written notice from the Lessor so to do, then, 
at the option of he Lessor, this lease shall forthwith cease and determine, and all rights of the Lessee 
in and to said land be at an end 

22 Any notice from the Lessor to the Lessee may he given by sending the same by registered 

(mail addressed to the Lessee at 

and the Leasee or its successors or assigns may at any time, by written notice to the Lessor, change 
the place of giving notice, and after such written notice to the I<essor by registered mail, the Lessor 
ahall send Skll notices intended for the lessee or its successors or assigns, to the address which may 
be so indicated. 

23. Any notices from the Lessee to the Lessor may be given by sending the same by registered 

mail addressed to the Lessor at — — - 

24. All work done on the land by the Lessee shall be at the I.,cssce’a sole cost and expense and the 

Lessee agrees to protect said land and the Lessor from claims of contractors, laborers or material men 
and the Lessor may post and keep posted on said lands such iioticea as he may desire in order to protei t 
oaid lands against liens. ' 

25. On the expiration of this lease, or sooner tcrmingiion thereof, the Lessee shall quietly and 
peacqfufly surrender possession of the premises to the Lessor and deliver to him a good and aufficienl 
quit claim deed ^nd ahall so far as possible cover all sump holes and excavations made by it and restore 
the land as nearly a$ possible to the condition in which it was received, 

26. The Lessee agrees that no well shall be drilled within , , feet of any dwelling 

house now on said premises without the written consent of the Lessor. 

This lease shall run to and be binding vpon the successors and assigns of the parties hereto. 

IN WITNESS WHEREOF, the parties hereto have caused this agreement to be executed the day 
•nd year first above written 
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rapidly diminish the profits. Because of this difficulty, many lessees 
advocate a sliding royalty in which the percentage paid decreases as the 
production declines. For example, it may be provided that for wells 
producing 25 bbl. per day, or less, a royalty of one-eighth will be paid; for 
wells producing from 25 to 100 bbl. per day, one-sixth; for 100- to 200- 
bbl. wells, a royalty of one-fifth; and for over 200 bbl., one-quarter. 

For gas wells, the royalty may be based on a percentage of the gross 
volume, as in the case of oil; though on account of the difficulty of meter- 
ing the gas, many leases call for an annual rental ranging up to $150 per 
well. (Cognizance may be taken in the lease of the added profit which 
results in extracting gasoline from natural gas, claiming a portion of such 
profit for the lessor. 

Rentals are often inserted in leases, in addition to other considerations, 
as a means of preventing delay in development. It may be provided, for 
example, that until such time as a productive well or a specified number of 
wells are drilled, the lessee shall pay an annual rental of a stated amount 
per acre, often $1. In addition, the terms of the lease usually designate a 
time within which drilling must be commenced, and another time within 
which a well must be completed to a specified depth or stratigraphic 
horizon. 

In return for the privilege of drilling and producing oil, the lessee is 
able to offer the landowner certain very definite and attractive induce- 
ments. In addition to a preliminary monetary consideration, the owner 
becomes a partner in the business with a preference right to a fair per- 
centage of any profits that may result. Ilis land is tested by the drilling 
of a well which costs him nothing, and he may prescribe conditions which 
will insure himself against damage or loss of any sort. He shares liberally 
in the profits, and risks nothing. 

Leasing Practices. — The prospector must often obtain several leases 
to adjoining properties in order to secure sufficient territory to remunerate 
himself adequately in the event that his well is successful. In order to 
accomplish this without stimulating lease values by his efforts, the opera- 
tor often adopts a secretive policy, perhaps acting through a local agent 
having the confidence of the people with whom he has to deal. This 
method is particularly common with some of the larger oil companies 
who often desire to keep their identity unknown until all necessary 
acreage is under lease. In many cases, certain landowners will refuse to 
lease in the hope of securing more attractive terms in the event of oil 
discovery. Most of the larger oil companies have land and lease depart- 
ments with certain officials empfoyed whose duty it is to secure leases to 
such land as the geological department and the directing officials may 
designate as desirable.^ With the smaller companies this work is often 
done by the field geologists. The larger companies also employ '‘scouts,^' 
often trained geologists or skilled “leasers,^' who maintain a close watch on 
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the activity of other operators and on '^wildcatting^' and new develop- 
ment, Such men arc often shrewd judges of property values and by 
prompt action secure choice acreage at favorable prices. 

If a* profit can be secured, a lease is often sold by the original lessee 
before a well is drilled. In fact, many individual speculators secure leases 
during the early period of development of a new field, with the expectation 
of selling them to producing companies who are often too conserva- 
tive to interest themselves in the more speculative aspects of the industry. 
In some cases, leases have changed hands several times before any drilling 
is done. The original lessee in selling his lease may secure a bonus greater 
than that which he paid for it, or retain an interest in the property as a 
partner or stockholder. Occasionally, an additional royalty payable 
to the original lessee may be exacted. 

In a new field under active development there is also a considerable 
trade in lease royalties. The original property owner, anxious to realize 
on his expected profits, may induced to sell his royalty interest for a 
sum which is sufficiently below the prospective income to form an 
attractive speculation for the buyer. Purchase of royalty interests by 
officials of the company owning the lease is quite common, though the 
ethics of such practice is sometimes questionable. 

Legal Aspects of Oil and Gas Land Leasing. — To be valid, a lease 
must be properly acknowledged and signed before a notary public or 
other authorized public official, by both parties. If the property leased 
is a homestead and the owner is married, the wife’s signature is also essen- 
tial. The tract must be carefully dc^scribed in the lease, if possible with 
reference to public land subdivisions, or by metes and bounds with refer- 
ence to some definite landmark. As prote(;tion to the lessee against the 
possibility of tln^ lessor dishonoring his agreement or issuing a second 
lease to another party, the instrument should be filed with the county 
recorder or county clerk. 

The permanence of the lease is conditional upon the discovery of oil 
or gas in paying quantity; that is, the relation created is that of a condi- 
tional tenancy, but the discovery of oil or gas in the leased premises 
vests in the lessee the right to make future exploration, and to develop, 
produce and sell the mineral so discovered. ^ That is, after the discovery 
of oil, the lessee’s right is no longer conditional, and the relation of land- 
lord and tenant is created until the end of the term fixed by the lease. 
The completion of an unsuccessful well does not necessarily terminate the 
lease, for it is ordinarily the obligation of the lessee and the right of the 
lessor that development shall continue. Though there may be a clause in 
the lease definitely limiting the duration in the event that a well is not 
drilled, or oil is not discovered, it is usually provided that if production is 
secured the lease shall continue as long as oil or gas is produced in paying 
quantities. In some leases, however, the period of production under the 
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lease is limited by a definite number of years, always sufficient^ however, 
to permit the lessee practically to exhaust the property. 

It is usually provided that the lessee may surrender the lease at any 
time, if he so desires, and be relieved of any conditions to Which it 
obligates him. Such surrender may require payment of a sum of money, 
however, if so stated as a condition in the lease. The lessor has no 
corresponding privilege of compelling a surrender unless the lessor defaults 
in some of the expressed terms. A lessee is not obligated to continue 
operation of a lease after it has become unprofitable to himself, though it 
may still be profitable to the lessor. It is only when manifestly 
fraudulent use of opportunities and control can be shown that courts are 
authorized to interfere between lessor and lessee. 

Oil and gas leases frequently contain clauses designed to insure 
prompt commencement of drilling operations. Even in the absence of 
an expressed agreement, when a lessee undertakes to develop oil or gas on 
a rental or royalty basis, and the agreement does not specify the number 
of wells to be drilled, there is an implied obligation that the land will be 
fully developed with reasonable diligence. Under certain conditions, 
where a lease contains a provision permitting a lessee to pay a stipulated 
rental for delay in beginning drilling operations, the lessor may refuse to 
accept the rental and require the lessee to develop the property within a 
reasonable time or forfeit the lease. The phraseology of the lease has 
a determining influence on the right of the lessor in this connection. For 
example, in Oklahoma, if it is specified that a well is to be drilled within a 
certain time unless the lessee pays the lessor a stipulated rental, the 
lessee may terminate the lease by failure to pay rental; but the lessor may 
not do so as long as the rental is paid. If the word ‘^or” is used instead of 
‘'unless,’^ the lease is not necessarily terminated unless the lessor claims 
the forfeiture.^ 

If a lease is assigned by the lessee to another for a valuable considera- 
tion, the assignee legally assumes all of the conditions, implied or 
expressed, and is liable for all obligations maturing during his tenancy. 

To be legal, a lease must possess “mutuality.” In several instances 
where leases have provided for no bonus, and where no obligation to pay 
any penalty for surrender of the lease is expressed, it has been held by the 
courts that the arrangement Was terminable at the pleasure of either 
party. The question of whether or not some nominal sum, such as $1, 
is a sufficient consideration to support a lease of this character has led to 
diverse opinions in different jurisdictions. 

In the absence of contrary expression in the lease, the lessee has only 
such rights to the surface of the leased land as may be necessary to the 
exercise of his right to extract the oil and gas. He must give adequate 
protection to the lessor ^s property, and is liable for damages if he fails 
to do so. Where the lessee has in part developed a property held under 
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lease by the drilling of productive wells, and has failed to offset wells on 
neighboring properties to prevent drainage, the lessor may secure damages 
from the lessee in lieu of the additional royalties that he would otherwise 
receive; but if no wells have been drilled on the premises the lessor has no 
recourse beyond the time limits set by the lease for the drilling of the 
initial well. 
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MAPS AND SECTIONS; GRAPHIC LOGS AND PEG MODELS 

In view of the vast amount of capital expended in developing oil 
fields, and the value of the information relative to underground conditions 
gained as a result of such work, it is evident that a thorough, well-planned 
and coordinated series of maps and drilling records is essential. Such 
records are indispensable in the conduct of future development work, in 
diagnosing production troubles, in planning well repairs, in making 
appraisals and in other similar engineering problems. So important 
do many operators consider this matter, that they employ engineers or 
geologists to keep the drilling records under constant surveillance, so 
that no detail of the work will be overlooked. 

The records maintained should include field property maps, showing 
the location of wells with respect to property lines, elevations of derrick 
floors and initial productions of oil, gas and water for each well. Well 
logs and histories, peg models, casing records, fluid levels in wells and 
water analyses have an important bearing on the work. Such records 
are used also in d(^v<doping geologic evidence in the form of structure 
contour maps, convergenc(j maps, cross-sections and stereograms. Cost 
records and progress records may also constitute a part of this program. 
The drilling records should also include actual physical samples of the 
formations penetrated, consisting either of carefully washed sands or 
solid cores. Samples of waters encountered at various depths may also 
be preserved for future reference unless detailed analyses of the waters 
are made a part of the drilling record. 

Field Maps. — Ficdd maps arc constructed by first drawing a map of 
the property lines, together with the railroads, highways, town sites and 
other permanent improvements, in as much detail as desired, or as the 
scale of the map will permit. Ownership of various properties, section 
and township lines and numbers are also carefully lettered. Using this 
base map as a frame, all wells are then located to scale with reference to 
property lines or section corners. The position of each well is indicated 
by a small circle, using conventional symbols (see Fig. 17) in connection 
therewith, to indicate whether the well is a drilling well, a producing oil 
well, a gas well, a dry hole, a well abandoned in process of drilling, a well 
temporarily idle or an abandoned producer. The number of the well, 
or the name by which it is known, is lettered at one side of the 
symbol marking its position, and if the scale of the map permits, the 
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elevation of the derrick floor and the depth of the well may also be 
indicated; and perhaps, also, the initial production. 

Fig. 18 illustrates a typical field map. It is obvious that to serve 
its intended purpose, which is primarily to show in a broad way the 
extent of development in different portions of the field, the map must be 
of rather small scale, otherwise it becomes unwieldy. Scales of 2,000 or 
1,000 ft. to the inch arc commonly used for this type of map. 


o Location. 
o Rig Compfeted. 

® DriHing Well. 

4" Abandoned Drilling Well. 
• Producing OH Well 
4" Abandoned OH Well. 

Producing Gas Welt. 

-jjf- Abandoned Gas Well. 

Fig. 17. — Convontionjil 


4 Producing OH ^ Gas WeiL 
-ijh Abandoned Oi/^ Gas Weii 
® Producing Wafer Weii 
4 Abandoned Wafer Well. 

9 Well developing some oH 
but not enough for profit^ 
c^te operation. 

w OH Well abemehnedon 
account of ¥¥ater inofrsiai 

y III hols for oil field maps. 


These are large enough to permit of showing the positions of the wells, 
their numbers, names of property owners, etc., but do not allow space 
for much further detail. 

Property Maps. — Maps of larger scale, often 200 or 300 ft. to the 
inch, afford opportunity for indicating the position of wells, derricks and 
rigs, buildings, tanks and reservoirs, pipe lines, roads, telephone lines, 
fences and other structures in full detail. Such maps are called property 
maps” to distinguish them from the smaller scale field maps. The map 
shown in Fig. 19 is typical. 

Well Logs. — Of the various records concerned with well data, none 
are more important than the log of the well. The log should give a 
complete history of the well from the time of its location until its abandon- * 
ment. Every detail of the drilling procedure should be made a matter 
of record; the well ecjuipmeiit; the thickness, nature and depths of 
strata penetrated ; depths at which oil, gas and water of special character- 
istics are encountered; depths at which casings arc landed and water 
shutoffs made; water shutoff tests and names of witnesses; dates of start- 
ing and completion of drilling; names of drillers, tool dressers and others 
employed in the work; explosives used and depths at which used; pumping 
tests; initial production of oil, gas and wa^t^er; and rating after 30 days^ 
production. Repair work, redrilling jobs, alterations and important 
replacements of the well equipment, work involved in abandonment, etc., 
should be added to the original drilling record from time to time as such 
work is performed. 
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Fio. 18 . — A typical field map. 


Genera! Fhhnieum CorpL 
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Fio. 19. — A typic-al propirty map. 

The property is only partially developed. Wells produce both oil and kab and are operated by 
individual gas engines. Buildings may be conveniently numbered, with reference to a list giving pur- 
pose and dimensions of each. 
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This data should be arranged in chronological sequence except for 
the stratigraphic record, which should be maintained in a separate table 
arranged in depth sequence. It is customary to classify this data under 
several different headings for convenience in reference. We may have 
one section devoted to the location of the well; another to the strati- 
graphic record; one to the chronological record of the original drilling; 
another to subsequent history; and still other sections will be concerned 
with the casing record, depths of oil and gas sands, water sands and water 
shutoff methods and tests. The log form* given on pages 61 and 62 
is typical. 

Graphic Logs. — We may indicate much of this data with the aid of 
various conventional symbols on a graphic log, which is more desirable 
for certain purposes than the written historical record. Most operators 
will find it desirable to preserve the well record in both written and graphic 
form. The graphic record, plotted to vertical scale as illustrated in 
Fig. 20, is particularly valuable in that it conveys quite readily by pic- 
torial means, facts which can only with difficulty be made strikingly 
apparent in the ordinary form of written record. For example, it con- 
veys a true impression of relative depths, thicknesses of strata 
encountered in the well and their sequence, and indicates the manner in 
which the well is cased to better advantage than is possible in the written 
record. There are no conventional well log symbols that are yet recog- 
nized as standard, but those suggested in Fig. 21 have been adopted by 
the State Mining Bureau of C^alifornia^ and have found wide application 
in drilling records in that State. The author has. com piled the somewhat 
more complete group of conventional symbols given in Fig. 22 from 
several sources. 

In selecting symbols for use on well logs, considerable' time and expense may be 
saved by using simple forms that can be readily applied. They should, however, 
be sufficiently distinctive so that no confusion in interpreting them will result. Pre- 
\lominating rocks, such as shale or sandstone, may be left blank. Rock colors may 
be indicated in connection with the conventional forms rej)roseTiting different types 
of rocks, by the use of the suitable abbreviations. The fluid content of the forma- 
tions penetrated — either oil, gas or water — must also be indicated at the proper 
.scale depths. Oil may be represented by solid black applied over the entire stratum 
in which it occurs, if present in quantity, of in irregular patches on the formation 
graph if only slight '‘shows” are in evidence. Water and gas arc conveniently indi- 
cated by their initial letters placed at one side of the stratigraphic record. It is 
customary to indicate the depths to the top and bottom of all oil and gas sands, 
as well as Important marker horizons and reference points, by the use of small figures 
placed at one side of the formation -ccord. 

The casing record forms an important part of the graphic log. This usually 
consists of a scries of vertical lines about in. apart, placed at one side of the forma- 
tion graph, one line being drawn for each “string” of casing placed in the well. The 
landing][dcpths should be indicated by terminating each vertical line at the proper 

* After'A. W. Ambrose in U. S. Bureau of Mines, Bull. 195. 
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SPECIMEN WELL-LOG RECORD 


FiiXD Ooalinga (IROlfT 8XDE.) Company 

California Oilfielda, Limited 

Log of Wjbll No. 78 {Shell Co,, of California) 

DESoBipnoN of Pbopertt {Quarter Section) S, W. i of Sec, 87, 19/15 
Location of Well 740' N, and 2905' W, of S, E, corner 
Elevation Aeove Sea Level 1178 Feet 


Commenced Dbilling Oct, 29, 1913, Finished Drilling — See Hiatorp 


Depth 

from— 


To— 

Feet. 

10 

10 

25 

15 

SB 

SO 

65 

10 

08 

SS 

125 

27 

185 

60 

210 

25 

245 

36 

S15 

70 

317 

2 

SSO 

IS 

390 

60 

g 

•4 

10 

478 

28 

Wo 

19 

13 

635 

25 

580 

45 

C40 

CO 

G90 

50 

706 

15 

715 

10 

723 

8 

733 

10 

W 

7 

763 

13 

757 

4 

785 

28 

796 

11 

797 

1 

805 

9 

806 

1 

870 

64 

905 

36 

920 

15 

905 

45 

885 

20 

1,005 

20 

1,056 

50 

1,092 

37 

1,101 

12 

1,129 

26 

1,140 

11 

1,214 

74 

1,232 

18 

1,280 

48 

1,295 

IS 

1,306 

10 

1,330 

25 

1,348 

18 

1,363 

16 

1,380 

17 

1,393 

13 

1,410 

17 

1,421 

1,42s 

It 

2 

1,440 

17 

1.445 

6 

1,470 

25 

1,49.1 

23 

',\W> 

2 

5 

1 610 

10 

1,625 

15 

1,687 

62 

1,598 

11 

1,G08 

10 

1,G20 

12 

1,629 

9 


Formation. 


Brown adobe. 

Brown sand. 

Yellow clay. 

Coarse gray sand. 

Black gravel. 

Brown sand. 

Blue sandy shale. 

Light blue shale. 

Coarse gray sand. 

Light blue shale. 

Brown shale. 

Blue shale. 

Sandy blue shale. 

Fine gray sand. 

Light green shale. 

Gray sand. 

Coarse gray sand and gravel. 

Gray sandy shale. 

Coarse may sand. 

Sandy blue shale. 

Blue shale. 

Sandy blue shale. 

Gray sand, ahowa tar oil. 

Blue shale. 

Sandy blue shale. 

Gray sand, shows tar oil. 

Fine hard gray sand. 

Hard sana shell. 

Gray sand, shows tar oil. 

Blue sand Stull. 

Soft gray sand. 

Blue shale. 

Hard sand shell. 

Soft sand and gravel, Water . ( Water stands at 60(y.) 

Hard sand shdl. 

Slkky blue shale. 

Fine gray sand. 

While sand and sea shells. {Put in S loads red mud at about 9Sff.) 
Soft gray sand. 

Sandy blue shale. 

Sandy shale, black. 

Fine soft gray sand. 

Hard coarse gray sand. 

Sticky black shale. 

Sticky light blue shale. 

Light gray slate. 

Tough green shale. {12Y caaing cemented at 1214\) 

Tough, sticky green shale. 

Light green shale. 

Light hue shale. 

Light gray shell. 

Sticky blue shale. 

HARD GRA Y OIL SAND, fair 
FINE GRAY OIL SAND, good. 

Hard gray sand, no oil. 

SOFT GRA Y OIL SAND. 

Hard gray sand, no oil. 

Black sandy shale. 

Hard sand shell. 

Fine black sand. 

Hard sand shell. 

Fine dark gray sand. 

Sandy blue shale. {10" caaing cemented at 1026\) 

Hard sand shell. 

Very sandy shale, ahowa oil ami gaa. f 

Soft fine gray sand, ahowa oil. 

Light blue shale. 

Gray sand, ahowa oil and gaa. 

Black sandy shale, • 

Hard fine gray sand, no oil. 

Fine hark sand, shows Sulphur Water, 

Tough black shale. 


a Original, 8^ by 21) inches in sise. 
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SPECIMKN WKLL-LOG RECORD [Continued) 


(Btrene ■Ida.) 


<Loo Continued.) 

HI8TOR Y OF ORIGINAL DRILLING, 

Caring ffou at 1S5S*, Railed to free the l(y* earing and hailed dry. No record 
eoneemlng water {tgiiSItS). Put in red mud, drilled ahead, finding 
W, Cadnga in hoU (itlie-lSIlS). » / 

Id' earing umented at I4S7* with S6 eacke cement dumped in (12124113). 
Cen^ Id in easing, but bailed out 5\ Cement set to Mar. Id, 1614. 
Railed hole dry, sto^ 6 hours and made no water. Drilled pocket to 
1517', bailed hole dry, stood overnight and made 2 pails of water and a 
little oil. Then started to put in 8i" easing. DtHIm hole to 162d; well 
showed eoidenee of sulphur water. 

81" caring. Had in i581' of 8\" casing and then pulled two joints and hailed 
hole arv, stood S hours, and made 168' of water and no oil. Railed hole 
dry and sand filled hole up to 1660'. Railed at 1-hour intervals and well 
made 6 bailers (e\" by J^') each run of black water, “smelling strongly of 
sulphuretted hydrogen. There is also a little oil" (SI24J14). 

Railed, hole made 8 bailers per hour of water with a little tar oil. Made 10 
bailers after standing 2 hours (SI25fl4). Railed hole, made 6 bailers per 
hour of black sulphur water with a little tar oil (3126114). Railed; no 
change in quantity of water or oil (SI27-30I14), 

Pulled so as to loosen casing and cement it lower in order to ehut off sulphur 

water (3131114). 

Id' easing. Got 10" vibration at 1425'. Pilled hole from 1501' to 14ffT' 
with brick and cement. Put in 6 sacks cement ana drove two wooden 
plugs into cement, top of plugs at 1490'. Dumped in 10 sacks cement 
and drove two wooden plugs, filling hole to 1462'. 

Ripped 1426' to 1456' and fUlca hole to 1385' with 19 sacks cement, broken 
concrete, M. de F. plugs. Dumped in wheelbarrow load of gravel and 
ripped 10" casing at 1345' to 1370 . Put in 4 sacks cement, filling hole 
to 1365'. 

Pulled 1335' (4111114), left WF. 1336' to 1497' to be eased off. Drilled to 
1396' and found tools following old hole. Filled to 1370' with bricks and 
8" by F' timbers, then drilled past casing to 1629'. Reamed to 1626'. 

10" casing cemented at 1026' (4129114) with 73 sacks cement dumped in. 
Ran in and found cement 10' up in easing. Shut down for cement to set. 

Idle until August 23, 1916. 

HISTOR Y OP PL UGGING AND PERFORA TING. 


10" caring. Drilled pocket to 1630' (81251 16). Bailed dry af 5-hour intervals. ) 
Made 3) barrels of water per hour. Tested by bailing from Sept. SO, 1916, 
to Oct. 1, 1910. Made 21 barrels of wain per hour. 

Plugged to 1587' feet with 60 sacks cement, Sept. 2, 1916. Perforated by 



CASING RECORD. 

m in. landed at 834 ft., cut at (AH Pulled) ft , weighing 70 lbs. brand DBX (11/ It/ 13) 
J2i in. cemented at J2J4 ft., cut at ft., weighing 40 lbs. brand DBX (12/S/lS) 

10 In. cemented at 1626 ft., cut at ft., weighing 48 lbs. brand DBX (4/29/14) 


From 640 ft to 690 ft. 
From 715 ft. to 723 ft. 
From 740 ft to 755 ft. 


OIL AND GAS SANDS. 

I From 1380 ft. to 1.393 ft 
1 From 1500 ft. to 1510 ft. 

I From 1525 ft to 1587 ft. 
WATER SANDS. 

I Wafer stands at 600 ft 


From. 797 ft to 605 ft. 

From 1680 ft. to 1608 ft. 

METHOD OF SHUTTING OFF WATER, 

]2h Inr casing cemented at 1214 ft. with 31 sacks of GO (12/3/13) cement. 

10 In. casing cemented at 1497 ft. with 56 sacks of dumped in (12/24/13) cement. 

10 in. casing cemented at 1626 ft. with 73 sacks of dumped in (4/29/14) cement. 

From 

WATER TESTS. 

(State how long cemented. Water level. Details of balling and results.) 

12 J casing. Practically no cement in casing. Cemented at 1214' (12/3/13), Bet until 12/7 
No record of any test. 

10 " ciuing cemented at 1497' with 56 sacks cement dumped in (12/24/13). Cement 10' in 
casing, but hailed out 5'. Let cement set 'to 3/13/14. Bailed hole dry, stood 6 hours 
and made no water. Drilled pocket to 1517', bailed hole dry, stood ouertriaht and 
made 2 pails of water and a little oiL 

10" casing cemented at 1626' with 73 sacks cement dumped in (4/29/14), Ran in and 
found cement 10' up in casing. Shut down for cement to set, 

, . TERFORATIONS. 

Machine 

From. To. Rows. X Holes per foot. Bee History. 


— _r» 

Gravity of oil 25.3 Water out 0 
Date well began prod. Sept. SO, 1916. 

Remarks : (Special features not provided for 
above) 

At a depth of Feet 

Drillers. 

Harper, RrandU, Wheat, 


Initial rating of well 40 b/d 
Heaving plug (material). 
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depth with reference to the scale used on the formation graph. A short horizontal 
line at this point emphasizes it more definitely, and the depth and diameter of cas- 
ing should be lettered along it. When a string of pipe has been cemented, a free- 
hand fillet of sufficient weight to attract the attention may be applied in .the angle 






ZTB - 
iSO pA/a 

e-/a-/i. tso *ti$. MKw 
t'/o-fa, ?o aoUta, 
f^oit.S94tnu 


WELL LOGS 

formaffona sa ahoiaf/t //? fyptca/ 

(c/9y orsPafe and aanefysnate. Ssymbois) 
Cement aa shown on /o‘ and M’ casmps J 

Formation shut of f as on tea' and SF * J 

Farforat/ona as on 6h’ cas/nya I 

Adapter aa shown batwean to'and /et . ■ 
Caatnp cut and putted, as on St' cas/ny 
Cas/nff stdefraehad. aa on teft aeo*teaso‘ 
Caatny shot, cottaptad, aatif or otharwisa 
atterod. ahoutd 4e notfad on teft marpm 
6aa Water and Otf ahoutd he noted 
at rtf A f ef tof 


MhP SttesoLS 


o ftiainpiaca 
^ • abandoned 

• tncomptated 

4 - ’•and - 

• Compteted 

4 > * and • 

tgr wafer 

• - 
% das 
* • 


t^ofe 


Graphic togs dfwetta wttthe drawn onatnpa of tracmg cfoth JJl 
inches wide without marytn tines Scata of too feet to one inch 
denerat arrangement and spacing as on enampte herewith < ( fop 
fitter rifhthand. geotogic data< tefthand, casing record and me' 
chanicat data’ bottom . producing conditions) 

The tracing may be folded and filed with the written tog. 


Cross -sections of seeerai logs wttthe made by fastening indinduat 

— -- - ' mace of tie- 

The drawings 


_ . . _ _ ^rai logs 

tracings, in their proper rotative positions on a larger 
r Cloth, — 


. using gumm ed stidthrs at top and bottom 
may also be ptnnad direetfy to blue print paper before piecing it in 
the frame The only ttt/e on the cross-seefion wiff be targe figures , 
(about one mch m height) in the upper right hend corner of the draw\ 
ing. indicating the section Unship, and range thus* 27 -^^ 

Cross-sectional btua prtrits will be filed in an ardinary /alter cab-] 
/net being Mded so thet titte numbers are dsibte without unfold- 
ing the drawing. 

As an aid to gutck and uniform draffing. a guide beneefh Me fra- 
cing should here the scete end necessary varticat hnaa, 

Symbols are simp fi tied so that they can be made with a right hna 
pan at the same time that dividing tines between tbrmations 
are made Ordinarily, the symgot atone wi/t suffice without 
name of formation 


F'la. 21. — Conventional symbols for use on oil field maps and well logs adopted by California 
State Mining Bureau, Department of Petroleum and Gas. 


formed by the horizontal and vertical lines (sec P'ig. 22). If tests show that water 
has been successfully excluded by tTie cement, the abbreviation W.S.O. (water shut- 
off) may be added, or W.N.S.O. if unsuccessful. Perforated casing or screen pipe 
can be indicated by dotted or dfislied linos. ^ 

Brief notes descriptive of the drilling operations, tlie results obtained and inter- 
pretations of data sliould be freely used, lettering them neatly at the proper point 
opposite the formation graph. At the top of the graphic log should be lettered the 
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well number, its location, elevation of the floor of the derrick and date of starting. 
At the bottom should appear the final depth, date of completion and the rating of 
the well, or its initial production of oil, 

gas and water. The gravity of the oil NarHonerl O// Co. 

should alSb be given. N9 6- Location 

Graphic well logs may be con- 

veniently constructed on strips of ^ '^rtace Sand 

tracing cloth 3 in. wide and long and Gravo/ 

enough to permit of plotting the entire 

record on a scale of 1 in. to 100 ft. c/ay or 

This scale is large enough to show a ShaJe 

2- or 3-ft. stratum. Tracing cloth on Sand or 

which is printed a 10- by 10-in. cross- Sandstone 

section grid is convenient, permitting Sandy C/ay 

the log to be constructed without the Sha/e 

aid of a scale. However, the coord- Grave/ or 

inate lines obscure to some extent the \Cong/onjera/e 

conventional symbols used. By work- Bou/ders ¥rit/i 

ing on the reverse side of the cloth y/a/er 

from that on which the coordinate 

lines are printed, and removing the i 

latter with alcohol or chloroform when , 

the drawing is completed, this difficulty ts^/^dn/r 

can be overcome. Some draftsmen -n/aterSand 

prefer to use plain tracing cloth, plott- \ Coa/ or 

ing the log over a specially prepared 

standard form ruled with horizontal ^a^ and 

lines Ko in- apart, which may be SeaShef/s 

slipped under the tracing cloth before C/ayorShaM 

the work is begun. ^ Every 100-ft. ^streaks 

interval should be indicated in this \7^r 

case, for convenience in reference. ynSand 

Blueprinted copies of the logs are ; 

quickly made from the tracings when 

1 . 1 A 1 • lA • Off and Gas 

desired. A more pleasing result is shon*^ tn 

obtained by making brown-process sh^// 

prints from the tracings, using these ioi/Sand 

in turn to make blue-line or positive rvi/t? Gas. 

blueprints. Or, brown-process paper 

may also be used in making the positive 

prints, securing a black-line print I Date. 

closely resembling the original draw- 1 

ing. The black-line or blue-line print /=yodi/ctJon 

may be tinted, if desired, with the 

aid of water color or crayon, a pro- j 

cess which greatly enhances the final 1 ~ 

appearance of the logs and gives op- Fig. 22. — A proposed group of conventional 
portunity for the use of distinctive • well log symbols, 

conventional colors. 

The data incorporated in the well logs must be collected, for the most part, by 
the drillers, though the average driller is poorly equipped for the work of identifying 
the mineralogical and lithological characteristics of the formations penetrated. The 
driller usually has at his command a limited vocabulary of colloquial rock names, 



Nation at Oi/ Co* 
ide/f //9 6 •‘/9-Z7-‘3z Ijocation 
/^fev. 

' Sorfdee SofK^ 
and Grave/ 


C/ay or 
Sha/e 

Sand or 
Sandstone 

Sandy C/ay 
or Sha/e 
Grave/ or 
I Cong/onjerat^ 

Boo/ders nrith 
Sa/t lYater 

Limeetone 

■ Su/phor 
I idaterSand 

Coat or 
/ignite 
S/ate 

^Sand and 
Sea Sheds 
C/ayorShate\ 
mth hard | 
Streaks 
T^rShotY/nq 
fn Sand ^ 

Oi/ emd Gtys 
shorvinq tn 
Sha/e^ 

O/f and Gas 

Sh^// 

Oi/ Sand 
rvith Gas. 


Date. 

I Initia/ 

Dai/y 

^{^i/ction 
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often local names, which are based on the hardness, toughness and color of the 
material, rather than upon any petrographic classification. However, he is usually 
able to distinguish such common materials as sand, sandstone, limestone, clay, shale 
and conglomerate, and when supplemented by descriptions of color and texture, 
for most purposes, this is sufficient, if carefully and accurately done. The colors 
recorded are ordinarily those exhibited by the wet material as it comes from the 
well. For more accurate technical identification, samples of each formation, care- 
fully labeled with the depth from which they come, should be preserved in bottles 
for the use of the geologist. 

Vertical sections on which the structural and stratigraphic features 
may be displayed to good advantage are conveniently constructed with 
the aid of graphic logs prepared as just described. Cross-sections 
developed in this way arc most useful in studying the underground 
conditions in oil fields. The formations are determined by the drilling 
records and the cross-sections are used to correlate these formations 
from well to well. Even in a region of simple geologic structure and 
stratigraphy, cross-sections are necessary to bring out the local variations 
in structure. Irregularities of well depths and casing depths can also be 
studied to advantage with the aid of cross-sections. Cross-sections, in 
fact, form the basis of the work of the engineer and geologist in studying 
underground losses and methods of improving recovery. 

The selection of the position of the cross-section involves choosing a line of wells 
that will give sufficient information and that lie in the desired position with respect 
to the axes of the structure. Usually, it is <lesirable to have one or more cross-sec- 
tions plotted at right angles to the major axis of the structure and one parallel with 
the major axis. To aid in correlating, it is particularly desirable to have one or both 
end wells of each cross-section overlap; that is, tlie log of the end well should also bo 
plotted on some other cross-section. The graphic log of every well on a property 
should be plotted on at least one cross-section. If it happens that a particular well 
falls a little to one side of a desired cross-section, it is often possilile to project it into 
the plane of the cross-section by reference to known marker horizons, or by an actual 
calculation of equivalent positions with respect to the known dip of the formation. 
The individual logs may also be correlated by reference to an assumed datum line, 
•such as sea level (see Fig. 23). 

There are two general methods of preparing cross-sections: one in which the 
graphic well logs are plotted on a single piece of tracing cloth, properly spaced apart 
to the scale selected; and the otlier where the graphic logs are plotted separately on 
strips of tracing cloth and are arranged at proper distances apart to form the desired 
cross-section. In the latter plan, each graphic log has to be plotted only once, serv- 
ing in turn for as many different cross-sections as may be desired. 

Most engineers prefer to construct vertical sections by blueprinting from the 
graphic log tracings. The graphic log tracings are jdaced in the printing frame, 
properly spaced apart to an assumed horizontal scale and adjusted with respect to an 
assumed datum line. For convenience, we may have a liorizontal line ruled on 
the glass against which the print is made and adjust the sea level points of all trac- 
ings BO that they fall on this line. This automatically accounts for differences in 
elevation of the derrick floors. We may also have marks along the top and bottom 
of our blueprint frame to serve as a scale, which aids in spacing the logs at the proper 
distances apart and in keeping them in a vertical position. With a series of logs 
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. {After R. E. CoUom in U. S. B. Mines, Bull. 201). 

Fio. 23. — Illustrating development of geologic sections by correlation of well logs. 

Lines A- A' and B~B' represent correlations of marker horizons. 
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arranged in the frame in this 
way, a blueprint is made on one 
sheet of paper which becomes 
a permanent copy of the logs as 
arranged. This print may be 
later used in developing a com- 
pleted section. 

In order that lines may be 
drawn on this section, it is de- 
sirable to use a positive or blue- 
line print, which, of course, 
necessitates the making a brown- 
process negative. Correspond- 
ing horizons on different wells 
in the cross-section are first 
connected with straight lines, 
and the intervening space be- 
tween logs may then be worked- 
up in full geologic detail if 
desired. The appearance is 
greatly improved by the use of 
crayon or water color applied in 
such a way as to develop suitable 
distinctions between the differ- 
ent strata. 

Instead of blueprinting sec- 
tions in this manner, wc may 
photograph the well logs after 
properly arranging them to form 
the desired section. The 
photostat, a device for making 
photographic prints directly 
on bromide paper, is most use- 
ful for making the prints if 
this plan is followed. The 
photographic prints are then 
used as a base on which to 
develop the complete geologic 
detail if desired. 

The cross-section should 
show the number of each well 
in the section, its elevation, 
production data, etc., and there 
should be a supplementary key 
map indicating the line of the 
cross-section. Every cross-sec- 
tion should also have a suitable 
title (see Fig. 24). 

Underground Structure 
Contour Maps. — Well logs 
arc also useful in construct- 
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ing what is called an underground structure contour map. Such a map 
shows by means of contours connecting lines of equal elevation, the posi- 
tion and form of an unexposed bed such as the top of an oil sand, over a 
large area.^ 

Before starting work on a structure contour map, the datum plane 
must be chosen — this is usually sea level. The contour interval must 
also be decided upon, and this usually depends upon the nature of the 
structure, its dip, the data available, the scale adopted and the purpose for 
which the map is to be used. The contour interval, or distance between 
successive contours, is frequently 25 or 50 ft. 

By a study of well logs or cross-sections, the distance between the bed 
to be contoured and the datum plane is computed for each well and writ- 
ten down beside the welFs position on the map. Interpolation between 
known points determines the elevations of other points. Contours are 
then sketched in at regular intervals with respect to the elevations so 
determined (see Fig. 25). 

The chief value of such a map is to display broad structural features 
over a large area in a way not equalled by even the most careful study 
of geologic cross-sections. An underground structure contour map can 
often be used to show the location of wells relative to folds in the forma- 
tion, or the most favorable undrilled tracts for the production of oil and 
gas, and it may be used as an aid in the selecting of well sites. It is also 
possible with a carefully prepared structure contour map to predict with 
fair certainty the necessary depth of a well to be drilled at any designated 
point to intersect the oil sand. The map also serves to indicate the 
direction and amount of dip of the structure at any point. 

Convergence Maps. — Still another type of map that < is useful in 
many ways, and that can be developed from well log data, is the con- 
vergence map. This type of map indicates, by means of contours, the 
difference in elevation at any point between two irregular and non-parallel 
horizons. It may show, for example, the difference in elevation between 
the surface of the earth and the top of a submerged oil sand. The 
convergence map is constructed in much the same manner as the struc- 
ture contour map, calculating the distance between the two horizons at 
various points from the known rate of convergence and cojinecting points 
having the same difference in elevation with contour lines. 

Peg Models. — The most satisfactory method of demonstrating the 
the structural conditions disclosed by a scries of well logs, is by construct- 
ing what is called a ^‘peg model.^' Peg models have a great advantage 
over maps and sections in that they present the data directly in three 
dimensions instead of two, so that we obtain an actual picture of the 
situation. The method has been found especially useful to the non- 
technical man, who grasps, readily the essentials from a model, whereas 
cross-sections and contour maps are apt to be confusing. 
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Fig. 25 . — A typical structure contour map developed from well log data. 
Note that vertical sections along lines A~A* and B~B' are reproduced in Fig. 24. 
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Peg models are widely used in making correlations of structure 
between one well and a group of others, and are especially useful in 
determining the proper points at which to cement off water in a drilling 
well, in* predicting the position of oil, gas and water sands, the proper 
position for casing perforations, casing depths, etc. Any marked irregu- 
larities in well depths are brought out at once by inspection of such a 
model. 

A peg model is easily inade.^ First a baseboard of suitable size must be prepared. 
The baseboard should be made with mortised ends so that it will not warp, should 
be planed smooth on top and should be about in. thick. It is customary to cut 
the baseboards so that they represent, according to some assumed scale, the area of 



{Courtesy of Cal. State Min. Bu , Dept. Oil and Oaa). 
Fig. 26. — A typical peg model. 


a section or quarter-section of land. The scale used is often 100 ft. to the inch. The 
well locations and property lines, names of property owners, etc., are thQn carefully 
scaled off and indicated on the baseboard, developing what is in effect a rough map 
of the area represented. 

At each well location a hole is drilled with a drill press to a uniform depth, usually 
about 1 in. Care must be taken in boring these holes that they are absolutely vertical, 
otherwise the pegs will not stand vertically above the board. The pegs used may 
be of seasoned pine, about ^ o diameter. All pegs should be of the same diameter 
and length. These pegs or dowels can be turned out by any planing mill at reasonable 
expense. 

A blueprint of a graphic log, drawn on a scale of 100 ft. t.o the inch, is then cut 
just wide enough to wrap around the peg, and is glued onto the peg. The logs should 
be mounted on the pegs so that the sea level, oj datum line, in each case lies in the 
same horizontal plane, or at the same distance from the low^er end of the peg. To 
accomplish this, the pegs arc marked a certain distanc(‘ from the baseboard, and 
the sea level line, or other datum line of the log, is pasted opposite that mark. The 
datum plane thus established should be far enough above the biiseboard to allow 
the deepest wells to be shown to their full depths. The pegs should be long enough 
to show all formations penetrated by the well with the highest surface elevation. 
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The pegs representing different wells are then placed in their corresponding holes 
in the baseboard, and the principal oil or water sands are correlated by means of 
bright-colored threads running from peg to peg. Usually, also, one definite marker 
is shown by means of a certain colored string. Push pins with colored enameled 
heads may be used to advantage on the pegs, to indicate water shut offs and other 
important features of the work (see Fig. 26). 

One of the larger oil companies uses small aluminum or steel rods in.) instead 
of wooden pegs, and the formations are painted on the rods with the aid of a lathe. 
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CHAPTER IV 


DEVELOPING THE FIELD 

Once the existence of an oil field has been proved by the drilling of a 
commercially productive well, interest at once centers on the problem of 
determining the extent of the field, that is, the area within which produc- 
tion will be obtained, and the position of the more productive sections. 
Knowing that a given area will be productive, the property owner within 
that area is then confronted with the problem of planning a development 
campaign with respect to definite boundary lines, which will adequately 
protect his property against the activity of neighboring operators, and 
which will result in the maximum profit being obtained from the land. 
The planning of the development program involves careful consideration 
of a number of inter-related factors, among which are the spacing and 
arrangement of wells and the economic rate of development as influenced 
by the cost of drilling, the probable future selling price of oil, the capital 
cost of the land and its equipment, the productivity and rate of decline 
of the wells, and the interest latc to be demanded on the investment. 

EXPLORATION : DETERMINING THE LIMITS OF THE FIELD 

The discovery wedl proves that oil is present in commercial amounts, 
and gives important information concerning the sequence and nature of 
strata penetrated, and the horizon in which the oil is found. The possi- 
bility of obtaining production from areas about the initial well will be a 
matter of conjecture until additional wells can be drilled, though if it is 
possible to work out the geologic structure from surface evidence and 
determine the direction of the major axis of the fold in which the oil has 
accumulated, the geologist may predict the most favorable direction 
from the discovery well for further development. The type of structure, 
the magnitude and extent of the fold and the dip of its flanks and axial 
line will be important considerations in determining the position of 
second, third and later test wells, and the distance at which they may be 
spaced from the discovery well. Usually the operator will be anxious to 
prove’' the largest possible area witl^ the fewest number of wells, still 
without running the risk of locating a well beyond the limits of the pool 
and drilling a ‘^dry” hole. 

If the structure indicates a well-developed anticline or dome, explora- 
tion for th(j limits of the productive area may be conducted by drilling 
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wells first in both directions along the major axis of the structure, locating 
the wells as nearly as possible along the structural crest, and secondly, 
along a line at right angles to the axis, locating wells alternately on either 
side of the crest, thus exploring down the flanks until edge w&ter is 
encountered, or until the wells become such small producers that^ they 
cease to be profitable. If the logs of these wells are carefully preserved, 
it should bo possible, from a study of the results recorded, to gain a fair 
impression of the disposition of the producing oil sand or zone and perhaps 
even to draw a rough structure contour map of its top surface (see Fig. 
27). Later drilling along other lines at right angles to the major axis may 



Fig. 27. — A structure contour map sliowinR location of test wells on dome structure to 
determine the productive limits of a new fi(*ld. 

Hachunng showb productive area. 


disclose local variations in dip and thickness of the oil-bearing strata, 
but such changes will not greatly alter the extent of the productive area 
as determined from the data accumulated and applied as described. 

• If the structure is monoclinal, it will usually 1)0 possible to locate the 
outcrop definitely, and by measuring its dip at various points, to deter- 
mine very closely the depth to the productive stratuin at any location. 
Usually the first test wells will bo drilled near the outcrop so that the 
wells are shallow, and yet they should be located far enough down-dip 
to avoid the zone of oxidation near the outcrop. Oils near the outcrop 
are often heavy and viscous by reason of seepage and evaporation losses 
of the lighter constituents at the surface, and do not give a fair test of 
the capabilities of the structure.* Exploration will be conducted along 
lines at right angles to the strike, locating wells to penetrate the producing 
zone at successively greater depths until the lower limits of the pool are 
encountered. 
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Factors Influencino Productivity and Form of the Field 

Frgm the foregoing it will be observed that location of wells in the 
development of an oil field is based primarily upon geologic considera- 
tions. While extensions of the field from a discovery well may be pre- 
dicted on the evidence of structure, the form of the field and productivity 
of different portions of it will be largely influenced by minor changes in 
dip or hade of the structure and by lithological variations in the produce 
tive strata.® 

The Influence of Dip and Hade of Structure. — A steeply dipping 
anticlinal formation would indicate a narrow productive area — perhaps a 
long narrow strip of territory along the structural crest. Plunging of 
the axis at cither end of an anticlinal structure would definitely limit 
the productive area in the direction of the strike. The extent of a field 
located on dome structure would be greatest in the direction of the lowest 
dips, and relatively narrow in the direction of steep dips. A S3^mmctrical 
dome with strata dipping at the same angle in all directions is rare in 
nature. The major structure is often influenced by intersection with 
minor folds. Two intersecting anticlines may result in forking of the 
productive area, or a local widening of the field. Wells located at such 
intersections also arc likely to be more productive than elsewhere since 
anticlinal inLers(‘ctions cause vloming, with nvsultant concentration from 
all directions instead of two. A change in the direction of strike of an 
anticlinal fold is regarded as favorable to local concentration and high 
productivity of wells, since here also the lines of oil migration up the 
dip are brought to a focus, particularly on the convex side of the fold. 
Though local variations of this character arc of importance in selecting 
the more valuable areas within a field, it must be recognized that the 
extent and continuity of the field as a whole is dependent on persistence 
of structure and maintenaneci of an approximately level axis.* 

The Influence of Lithological and Stratigraphical Variation. — The 
shape of the field and the productivity of areas within it will be greatly 
influenced by changes in the porosity and thickness of the oil-bearing 
strata. Variation in porosity, if (extreme, will result in highly productive 
lenticular pools surrounded by almost barren areas, though the major 
concentration may have beeneffectedby a well-defined anticlinal structure 
embracing both the productive and non-productive areas. The more 
porous rocks will naturally give the higher initial yields, and wells drilled 
into thick oil sands will be more productive than those deriving their oil 
from thinner strata. Local variation in the thickness of an oil-producing 
stratum will thus cause great irregularity in property values. Local 
‘‘pinching out’^ of a productive sand may result in an area within the 
heart of a producing field being practically barren. 
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The extent of the field and the prbductivity of different portions will 
also be influenced by the number of oil-bearing strata occurring beneath 
it. It often happens that there will be several well-defined oil sands, 
perhaps separated from each other by several hundred feet or more. In 
such cases the lower strata are often less influenced by the structure; that 
is, they dip at lower angles, and the productive area will be wider. Pro- 
ductive lower zone wells may thus penetrate the upper zone beyond its 
productive , limits. Then too, if the fold is asymmetric, the axis of a 
•lower sand will not conform with that of an upper sand, so that the more 
productive first-zone wells may be less advantageously located with 
respect to the lower zone (see Fig. 2). 

Correlation of Well Log Data. — Even though competent geologic 
advice is to be had, the early period of development in a new field will 
often be one of great uncertainty. Perhaps a number of operators will 
be in competition with eadh other for early production, and efforts are 
chiefly directed toward speed in drilling rather than to the important 
work of securing accurate well log data to aid in correlating and inter- 
preting structural conditions. Many operators consider their well logs 
as confidential information, so that it becomes a difiicult matter for one 
interested in working out the structural and stratigraphic relationships 
to secure the necessary data. It is to the mutual advantage of all 
operators in the field that all available subsurface information be freely 
exchanged in order that the structural and stratigraphic features may 
be worked out at the earliest possible time. 

Operators in a new field should make an effort to reach a common 
understanding on the nain(^s and characteristics of the more important 
strata penetrated by the wells, so that there will be some degree of uni- 
formity in the well log data accumulated. If there arc any persistent 
strata of striking characteristics that might serve as “marker’’ horizons 
for correlation and reference, these should receive particular atten- 
tion. 

If the well log data are accurate, a peg model will display the general 
trend of the structure as soon as a few wells have been completed ; and as 
more pegs arc added, the local dips and irregularities will become apparent. 
Often local irregularities in depth to production, or dry holes drilled in 
locations thought to be productive, will cause confusion during the early 
period of development; and if there are several oil sands within a pro- 
ductive “zone,” as is often the case, variations in the productive area 
covered by the different sands may further complicate the problem. 
Often the position of “water” satids will be uncertain, and irregularities 
in the position of “water shutoffs” and landing depths for casings in 
near-by wells will allow water to enter the oil sands at certain points, to 
the detriment of oil production. Obviously, accurate well logs should be 
the primary consideration during the early period of development, in 
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orcjer that these irregularities may be fully understood and a uniform 
system of casing wells and excluding water worked out. 

If the ordinary rock characteristics are not sufficiently distinctive to 
furnish a means of correlating strata from well to well, a closer study of 
formation samples from a few wells that have been carefully drilled and 
systematically sampled will usually disclose certain peculiarities that 
characterize one or more of the persistent strata. ^ A particular sand 
may contain an unusual percentage of some distinctively colored or , 
crystallized mineral, such as hornblende or biotite or olivine; or the sand 
grains may be unusually coarse or fine or even-textured. Another may 
contain a particular type of foraminifera or other fossil indicator. The 
water contained within a water sand may have unusual chemical proper- 
ties. Often, if there is more than one oil sand, the oil will differ somewhat 
in gravity in the different strata. Some of these are properties which will 
require skilled technical assistance in identification, but if such a relation- 
ship is once established it will serve as a useful means of correlation, 
perhaps throughout the entire field. Local irn'gularities or erroneous 
log data may by such means be readily adjusted to the established 
markers and stratigraphic correlation completely established. 

PLANNING THE DEVELOPMENT PROGRAM 

Unfortunately for the average operator, he is seldom in control of the 
entire area within a producing structure. Ordinarily several, or perhaps 
many, independent operators will own different portions of the fi^ ld and 
will enter into competition with each other for production. All produce 
from what is, in effect, a common reservoir, and the activities of one 
operator will directly influence the ultimate recovery to be effected from 
neighboring properties. Location of the early wells in undeveloped 
territory' will therefore be influenced by property lines as well as by geologic 
structure and local lithological variations; indeed, protection of property 
lines is often given the greater consideration. 

Influence of Neighboring Development on the Development Pro- 
gram. — With the idea of preventing drainage across property lines, it is 
customary to drill the outside locations’' along boundaries, before the 
interior locations are drilled. Often the first wells on a property will be 
placed in the corner locations, thus protecting against drainage by corner 
wells in the three adjoining properties. The side boundary wells will 
next receive attention, no interior locations being drilled until all of the 
line wells have been completed. 

This program assumes that all surrounding operators are equally 
active. If all neighboring activity should be concentrated on one side of 
a lease, the boundary wells on that side would be first drilled, and perhaps 
one or two rows of interior wells will also be drilled on that side of the 
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property before attention is given to the other wells along boundaries 
where competition is not keen. If a property is located on the edge of a 
producing field, it may be that production on the side nearest the field 
will be practically certain, while the possibility of obtaining oil in wells 
drilled along the far side (usually the down-dip side) will be more or less 
problematical. In such a case, in order to avoid the loss occasioned by 
the drilling of dry holes, development may proceed progressively down- 
,dip from the boundary nearest neighboring producing wells, the down- 
dip boundary locations not being drilled until it is fairly certain that they 
will be profitable producers. 

The planning of a development campaign with respect to neighboring 
activities has both defensive and offensive aspects. The operator who 
first brings his property to full development will secure more of his 
neighbors^ oil than they are able to secure of his. Closely spaced wells 
and wells of large diameter will drain an area more rapidly and thoroughly 
than a fewer number of small wells. Then too, the early wells in an 
undeveloped area will usually have the greater ultimate productions. 
Initial productions are higher because of greater gas pressure during the 
early stages of development, and the earlier wells seem to maintain their 
superiority in later years, possibly by establishing drainage channels 
during the early period before interference by later drilled wells becomes 
a factor of importance. 

The advantages of securing early production arc fully recognized by 
most operators. When the gas pressure is high, the initial and ultimate 
productions of wells will be greatly in excess of those obtained from wells 
drilled a few years later when the field pressure has declined. Failure 
to drill wells within a suitable time (in terms of the rate of surrounding 
development) will often mean a loss of considerable magnitude when the 
present value of the ultimate production of a property is calculated. 
Figure 28 illustrates a typical case in which wells were drilled within a 
short distance of each other, apparently in equally advantageous loca- 
tions. Well No. 1, however, was drilled 7 months before No. 2, and No. 
3, 5 months later than No. 2. Well No. 1 will ultimately produce 2.12 
times as much oil as No. 2, and more than 11 times as much as No. 3. 

Offsetting and Line Agreements.— As a measure of protection against 
drainage across property lines, it has become customary for adjoining 
property*^owners to place their line wells directly opposite each other 
(i.e., on a line at right angles to the boundary line) and at an equal dis- 
tance' from the boundary line, % practice known as “offsetting.’^ If A 
drills 8 wells spaced 660 ft. apart and 100 ft. back from the line along his 
west boundary, operator B, owning land on this side, must drill as many 
wells similarly spaced along his cast boundary, otherwise A gains the 
advantage in production from the line wells. This advantage can actu- 
ally be translated into terms of equivalent acreage.® The obvious dis- 
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advantage to all parties concerned, of adjoining operators entering into 
''boundary warfare” through competition in the drilling of line wells, 
has led in many instances to formal agreements not to drill more than a 
stated • number of wells along the common boundary, and to drill not 
closer than a specified distance from it. Such regulations are sometimes 
tacitly accepted by all the operators of a field or district, so that the 
spacing of wells along boundaries is approximately uniform throughout 



(After J. H, G. Wolf). 

Fig. 28. — Production graplis of throe contiguous wells in tlio Midway field, Caufornia, 
illustrating advjintage of securing early production in an undrillod area. 


the fi(*ld. For ('xaiiiplc, in the California fields, wells arc commonly 
placed eith(‘r 100 or 150 ft. back from the line. Spacing along the line 
will vary in different localities with the prevailing opinion concerning the 
number of wcdls iK'cessaiy to drain the land completely within a reason- 
able space of time. While defensive considerations would dictate the 
drilling of offset wells along boundary lines directly opposite each other, 
less interference results when locations on opposite sides of the line are 
staggered. This, too, might bo accomplished by mutual agreement. 

Well Spacing. — The economic spacing of wells to produce a maximum 
return on invested capital is a variable that can seldom be precisely 
determined because of the large number of factors that enter, and the 
difficulty of evaluating them at the time that the development program 
is formulated. For any set of condition!! there must always be a definite 
number of wells whi(;h will exploit a given area most profitably. There 
is a nice balance that exists between the number of wells, their cost, the 
volume and value of their ultimate production, and the productive life 
period, which makes it possible to calculate just how many wells we should 
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drill in a given area to realize a maximum return on our investment. 
Fewer wells than this economic number will often result in a lower ulti- 
mate production, with correspondingly lower percentage recovery. In 
some cases, fewer thap the Economic number of wells may eventually 
produce as much oil, with as high a percentage of ultimate recovery, as 
would the econoihic number, but production would be extended over a 
longer period and the present value of our investment would be much 
reduced. Drilling more than the economic number of wells would not 
produce any more oil in the long run, and while extraction might be 
accomplished in a shorter period, the increase in present value of the 
investment, due to a shorter period of realization, would not offset the 
increased development costs incurred in drilling the additional wells. 
Spacing is not so much a problem of determining how many acres a well 
will drain as it is a problem of obtaining the greatest possible production, 
in the minimum time, and at minimum expense. ^ 

The area drained by an oil well is a variable which depends upon a 
number of different factors.^ Important among these are the porosity 
of the reservoir rock, the viscosity of the oil and its density, the gas 
pressure, the diameter of the well and the method of pumping. A thick 
oil stratum will support a larger number of wells than a thin one. A 
given area of very porous sands can be effectively and economically 
drained with fewer wells than a like area of closer grained rocks. If very 
deep wells are necessary, if the cost of production is high or if oil prices 
are low, the economic spacing of wells will be greater than in the case of 
shallow territory producing high-priced oil that can be cheaply pumped. 

In practice, the distance apart at which wells must be drilled in order 
that their productions are not mutually influenced, is found to range 
from about 100 ft. in close-grained rocks with heavy viscous oil and low 
gas pressure, to perhaps 600 or even 700 ft. in very porous formations 
with light-gravity oils. In the Southwest, 660 ft. is a common interval 
between wells, a spacing which allows just 10 acres for each well to draw 
upon. Other common intervals are 300, 440 and 500 ft. In some fully 
developed areas in the ('alifornia fields,® the area drained by each well 
averages about 3 acres, but acreages of 5, 8, 10 or even higher for each 
well are characteristic of less fully developed fields (see Fig. 29). 

Arrangement of Wells. — Some geometric pattern is usually followed 
in the location of interior wells, arranging them in rows across the prop- 
erty and spacing them equally apart sO that all sections are equitably 
drained. A rectangular arrangement is often followed, but a triangular 
pattern in which the wells in Alternate rows are staggered gives more 
complete drainage^ (see Fig. 30). There is some justification for spacing 
the wells nearer together in the direction of the strike of the formation 
than in the direction of its dip. If it be assumed that the movement of 
oil is primarily up the dip of the structure, the operator should strive to 
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place a screen of closely spaced wells across the direction of flow; while 
in the direction of dip they need not be so closely spaced. Theoretically, 
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(^Afier M. L. Ruqua). 

Fio. 29. — Graphs showing etiononiic sparing of wells for varying depths and gravities of oil, 
California San Joaquin Valley fields, 1915. 
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Improper Staggering 


a single row of closely spaced wells along eeo m 

the crest of a level anticline will com- 
pletely drain it, the oil migrating under ill! 
the influence of hydrostatic pressure 
directly up the dip of the structure. ^ 

However, if the flow be considered as sso ow eeo 

due chiefly to gas pressure, whicli is equal i\. | j o| ^ /[ 

in all directions, the dip of the formation §| ^ y * 7 §' y ! 7 |l 

will have little significance. If we as- | \|/ | \|/ | \|/ j 

sume that drainage is due entirely to ‘ ^ ‘ ^ ^ ' 

gas pressure, in steeply dipping strata improper staggering 

th^ wells should be logically placed nearer ’jT i "TK i j 7* 

together in the direction of dip than in the y [ y | y | 

direction of strike. This follows from *"! \y \l/ \|/ ® 

the fact that the well intersections with ceo “ mo 

the producing sand are further apart as „ Proper staggering 

measured in the plane of the dip than Mining and Metai.Engra.). 

they would be with reference to a hori-* Jo.—liiustrating rectangular 
zontal plane. 

Often the spacing and arrangement of the boundary wells will deter- 
mine the position of interior wells, particularly if the property is a small 
one. There is better opportunity for scientific well spacing and arrange- 
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{.ifter R. 11 Johnson, in Trans. Am. Inai. 
Mining and Metal. Engra.). 

Fig. 30. — Illustrating rectangular 
and triangular systems of well spacing. 
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ment when land is held in large tracts than when small acreages are the 
rule. Town lot drilling in some of our western American fields, with 
resultant overcrowding of wells and unequal spacing, has resulted in great 
economic waste, and in many cases, due to overdrilling and mutual 
interference, operations have been unprofitable.^ 

Rate and Order of Drilling. — It is apparent that if we hurriedly bring 
an oil property to full development, we will have a rapidly increasing 




Fig. 31. — Estimated production of an oil property with rapid development (upper graphs), 
and with slow development planned to maintain uniform output (lower graphs). 

Note that in each case wells arc assumed to be so spaced that they have equivalent initial productions 
and decline rates 

daily production, which reaches a peak rather early in the life of the 
property and then gradually declines as the productivity of the wells 
decreases, until, during the latter years of the productive life of the projv 
erty, the daily production reaches a comparatively low figure (see 
upper graphs. Fig. 31). This t)lan of development probably results in 
the greatest ultimate production, but it has the disadvantage that the 
drilling, production, storage and transportation facilities are greatly 
overtaxed during the early years, usually necessitating the equipment 
of the property on a scale far in exciess of what is required during the 
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later years. Furthermore, when this plan of development is followed 
there is some possibility, in restricted markets, of overproduction during 
the early period, which reacts to depress prices; so that the gross returns 
will be somewhat reduced by a lower average selling price per barrel. 

While the maximum amount of oil is secured by drilling all of the 
wells at once, such a program is often impracticable, since the drilling 
of a large tract must necessarily extend over a number of years. The 
physical difficulties of road building, rig construction, securing and 
distributing water supply, camp construction, etc., must precede drilling. 
The cost of duplication of well-drilling equipment necessary for an 
intensive drilling program, and the provision of working capital for the 
drilling of many wells at the outset of operations, is often prohibitive. 
The producer usually finds it expedient to finance a part of the cost of 
developing the property from its production ; hence a few wells arc drilled 
first, placed on production and new wells added as rapidly as finances 
and working conditions permit. 

Most operators prefer to bring the production rapidly up to a pre- 
determined daily production which will provide a suitable return on the 
investment, and then discontinue further drilling until such time as the 
wells begin to decline. Thereafter, new wells will be drilled at a rate just 
sufficient to maintain the production at the desired level (see lower graphs, 
Fig. 31), This plan results in a uniform rate of production throughout 
the greater part of the life of the property, and the disadvantages of an 
intensive preliminary development campaign are largely eliminated. 

The development of an oil property may be conducted according to 
either of several plans,* A common method is that of drilling rows of 
wells, blanket fashion, across the property from proved territory to 
unproved territory. This plan gives maximum insurance against the 
drilling of dry holes when it is not certain that the entire area beneath the 
property is productive. It also offers opportunity for securing, necessary 
information on structural and subsurface conditions for new locations, 
before drilling is begun. That is, geologic surmise based on data from 
wells only one row distant, is relatively certain in comparison with esti- 
mates projected to remote locations in untested territor 3 ". A somewhat 
similar plan is that of drilling progressively outward from productive 
test wells as centers. 

Another method of development involves the preliminary drilling of 
widely scattered wells at some uniform spacing (say 15 to 30 acres per 
well); then, after this primary system of wells has been completed, inter- 
mediate wells are drilled at a smaller interval calculated to give the most 
economic extraction. This plan has three distinct advantages: The 
initial productions of scattered wells are, as a rule, considerably higher 
than those attained by the usual spacing; production from widely spaced 
wells is better sustained than that from wells closely spaced; and final 
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decision as to the ultimate spacing and disposition of wells can be 
deferred until fairly complete information is available on which to 
base computations of economic spacing. As is shown in Chap. XIII, 
however, the secondary system of intermediate wells will be deprived of 
the higher gas pressures and will be relatively small producers, due to 
deferment of the period of drilling and interference from the primary 
wells. The ultimate production per acre is therefore lower whep this 
plan is followed. It is evident, however, that early wells in isolated 
positions, having relatively high initial productions, and following with 
several years of sustained production, will during these years yield to the 
producer greater and quicker returns than would the same number of 
closely spaced wells which arc as expensive to drill, yet have a lower aver- 
age yearly production. The loss in ultimate recovery of oil may there- 
fore be compensated by the earlier return on the investment, elimination 
of the possibility of drilling too closely and a better final spacing of the 
wells based on production data from the primary wells. 

Examples illustrating the greater productivity of widely spaced, 
isolated wells may be found in every oil field, but the following data 
given by Cutler^ are representative : 

During the 5-yr. period, 1913 to 1917, the average yearly initial production of 
24 isolated wells in the Buena Vista Hills area, California, was 260,000 bbl., 
while during the same period, that of 104 offset wells was 172,000 bbl. per year; 
that is, the initial productions wenj 50 per cent greater for isolated wells than for 
closely spaced wells. If we assume a drilling campaign which would permit 
isolated wells to produce 3 yc'ars before being offset, the average isolated well, 
having an initial yearly production of 260,000 bbl., will produce 567,000 bbl. 
according to actual production records. During the* same 3-yT. period, the 
average offset well with an initial yearly production of 172,000 bbl. will produce 
only 345,000 bbl., showing a gain for the isolated well of 222,000 bbl. This 
indicates the gain in immediatf^ recovery due to isolation in the Buena Vista 
Hills area. 

The production decline of widely spaced wells is accelerated when 
their drainage areas are encroached upon by interspaced wells. Hence, 
the benefit to be derived by drilling scattered wells is negligible if it is 
followed by rapid drilling of interspaced w(dls. 

Numbering of Wells. — It is customary to number the wells on each 
property for convenience in reference, in the order in which they are 
drilled (see Fig. 32). An alternative plan, one followed by some of 
the larger oil companies operatiilg many different properties, is to number 
the wells with reference to their powsition and irrespective of the order of 
drilling. One becoming familiar with such a system knows at once, from 
the well number, its position on the property, bpt the well numbers 
would not indicate their relative ages. 
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Economics of Oil Field Development.— The economic life of an oil 
property is that period of time within which, if all available oil is 
extracted, a maximum profit will be realized. The estimation of this 
economic period of productivity is one which confronts every oil operator 
in planning his development program and determining the maximum rate 
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of productivity which he should try to attain. A variety of factors 
must be considered, including the productivity of the wells and their 
rate of decline, the estimated future selling price of oil and the cost of 
production, the capital cost of land and equipment, and the interest rate 
on invested capital. 

It is obvious that the oil will be exhausted more rapidly from a given 
tract by drilling a large number of wells than if drainage is dependent 
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upon a smaller number. The bulk of the production is obtained 
relatively early, and the wells show a rapid decline rate. The present 
value of this early production will be greater by reason of the shorter 
period of realization and the consequent saving in interest charges, but 
the increase in value will be tempered by the capital cost of the larger 
number of wells. Furthermore, the cost of operating a large group of 
wells may be greater than for a small group, even though the period of 
, operation is shorter. Theoretically, the same considerations would 
warrant drilling the requisite number of wells to bring the property to full 
development as early as possible. Anticipated increase in the future 
selling price of oil may entirely alter the result in either case, perhaps 
warranting slow development and deferment of realization on the bulk 
of the production. 

The cost of production as an clement in determining profits must not 
be forgotten. Anticipated increases in the cost of production may in 
future years greatly reduce the margin of profit which we discount to 
determine present value. The rate of interest expected on invested 
capital will greatly influence the present-day values, and will have an 
important bearing in determining the economic number of wells to be 
drilled. The shape of the property and the activity of neighboring 
operators must also be considered in formulating the development 
program. Active development on surrounding propertit‘s may mean the 
definite loss of a considerable volume of oil unless an equivalent pace is 
maintained, a consideration which may offset other factors opposing 
early and rapid development. A long narrow strip of property demands 
more rapid development than a square compact area, because of the 
advantages gained in increased production from neighboring land, and 
the difficulty of adequately protecting a lease of such shape from outside 
drainage. 

To alb of these factors the operator must give due consideration in 
Calculating present values of apparent profits; and computations must 
be made for several different assumptions of the number of wells and time 
or rate of drilling them. The combination of variables indicating the 
maximum apparent profit will, of course, be adopted. 

Development of Surface Plant and Equipment. — The drilling of wells 
constitutes only one phase of the general problem of oil field development. 
In addition, the operator must give attention to the building of roads to 
facilitate transportation of materials and equipment; power and water 
development and distribution qiust also be considered. The provision 
of a gathering and storage system is essential; and the erection of buildings 
to house shops, reserve supplies, power plant, office staff and equipment, 
sleeping and dining facilities for the employees, living accommodations 
for their families and other camp necessities will be important considera- 
tions in the early development period (see Chap. XVII). 
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Transportation of supplies and* equipment will necessarily receive 
early consideration, for timber, rig irons and parts, drilling equipment 
and casing must be hauled to the sites selected for the wells. Ordinarily, 
motor trucks will be used in transporting supplies and equipment, so the 
roads constructed must be capable of withstanding heavy loads, and the 
grades should not be excessive. Routes should be selected which will 
give convenient access to all parts of the property. 

Unless the property is near a town where ordinary living accommoda- 
tions are available for employees, camp facilities must be provided in 
advance of other development work. Such facilities may not at once be 
developed to the same degree as may be necessary or desirable during 
later years, but the initial effort in this direction must be adequate to 
provide the necessary camp conveniences. Machine and forge shops 
adequately equipped to care for such repair work and tool dressing as 
will be necessary, must be provided in advance of much development 
work; and a warehouse and office building to house the clerical and tech- 
nical staffs must be built. These facilities may be of rough temporary 
construction, with the expectation of replacing or improving them later 
if results of development warrant it, but if it is certain that the property 
will be productive over a considerable period of years, it will be more 
economical to build at the outset for the estimated productive life of the 
property. 

The provision of power will be an important matter. This requires, 
first of all, selection of the form of power, which may be either steam, 
electric or gas power. If steam power is determined upon, it will be 
important to dev(^lop a source of water suitable for boiler purposes. This 
may necessitate the drilling of a water well, or the construction of a 
dam, or it may be necessary to buy water from outside sources. Distribu- 
tion of water over the property will require a piping system adequate not 
only for boiler purposes, but to provide water for drilling purposes as 
well. The erection of boiler plants with all incidental and related equip-* 
rnent at various points about the property, or of a larger central plant, 
will require careful designing if reasonable efficiency is to be secured. 
Distribution of steam from power plants to the points of use will require 
a system of steam mains. Electric power necessitates the installation 
of poles, wiring and transformers in addition to the steam plant, unless 
power is purc^hased from outside sources. These matters arc discussed 
in greater detail in Chap. XIV. 

As soon as the first well is completed and placed on production, it 
will be necessary to provide oil storage sumps, reservoirs or tanks, and 
gathering facilities for both oil and gas. This part of the surface equip- 
ment will ordinarily be developed gradually to keep pace with the pro- 
ductivity of the wells as completed, but its layout and design should be 
carefully planned in advance with reference to the shape and size of the 
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property and the, topography (sec Chap. XV). Gas traps of suitable 
capacity and design must be provided to separate occluded gas from the 
oil. Dehydrating equipment, often a very essential part of the surface 
plant in the declining years of the property, is not ordinarily necessary 
during the early development period. 

In addition to the foregoing essential features of the surface plant, 
many other details must receive consideration: an electric lighting 
system is desirable; telephonic communication with various parts of the 
property will be a great convenience; fire protection is important. An 
absorption or compression plant to strip gasoline from natural gas, or a 
small topping plant is often an incidental part of the oil lease equipment. 

The equipment of the property belongs distinctly to the development 
period. While the surface plant must be developed more or less gradu- 
ally, the property cannot be expected to operate at maximum efficiency 
until the surface ec^uipment is complete, and every element of it is 
properly coordinated. Both the cost of the plant and the cost of develop- 
ment represent capital outlay that will be productive over the greater 
part of the life of the property, and as such they are of equal significance 
in planning for its development. 
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CHAPTER V 


CHURN DRILLING METHODS 

The methods used in drilling oil wells may be classified into two 
main groups, in each of which there is one well-known and widely used 
method, and in addition, a number of relatively unimportant and com- 
paratively little-used methods. These two groups we may call: (1) 
churn drilling methods, and (2) rotary methods. The present chapter 
will be concerned with churn drilling methods, while Chap. VI will be 
devoted to a description of rotary methods. 

Classification of Churn Drilling Methods. — Methods which accom- 
plish excavation of the w(‘ll by the reciprocating or up-and-down churning 
action of a drill may be classified as follows: 

1. Hand drilling methods: spring pole rigs 

2. (\ablc drilling methods: 

(a) The American ‘‘standard'' rig 

(b) Portable cable tool rigs 

3. Rod and pole drilling methods: 

(a) The Canadian pole tool rig 

(h) The Galician rod tool rig 

(c) Free-fall rigs 

Of these various methods, only oiui -the “standard" cable system— 
is important in American oil well drilling practice. The others arc^ used 
to some extent in drilling oil wells in other parts of the world, and in 
drilling wells for other i)urposes. The present chapter will be entirely, 
devoted to i\w cable system of drilling because of its greater importance 
from the point of view of the American oil producer. The reader is 
referred to the bibliography given at the close of the chapter for descrip- 
tions of the rod and free-fall systems which arc chiefly used in the Russian, 
Roumanian and Galician fields (see particularly references 9, 11, 13 and 
16 at end of chapter). 

General Requirements of a Drilling Method. — Any 'successful system 
of drilling oil wells must provide first of all a means of fracturing or 
abrading the rocky formations which mifst be penetrated to reach the 
oil reservoir; and secondly, it must provide a means of excavating the 
loosened material from the well as drilling proceeds. In addition, 
provision must be .made for preventing the walls of the well from caving, 
and for sealing off water and gas. Wells must usually be vertical or 
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nearly so. The well must, of course, be deep enough to roach the oil 
reservoir, and it must be of adequate cross-section to permit of the 
introduction and operation of a pumping device of suflScient capacity 
to make operation of the well profitable. 

Oil wells vary in diameter within wide limits. Prospect wells, drilled 
primarily for information rather than for production, may be finished 
with a diameter as small as 2 or 3 in. Wells in the Russian and Rou- 
manian fields are occasionally drilled with initial diameters as great as 
36 in. It is usually necessary to decrease the diameter of a well progres- 
sively as the depth increases, in order to provide adequate clearance for 
the drilling tools and to permit of the introduction of metal casings for 
retaining the walls and excluding water. In American practice, initial 
diameters commonly range from 11 to 21 in., depending upon the depth 
to be attained, the number of reductions in diameter necessary and the 
size with which it is considered desirable to finish the well. This latter 
factor depends, in turn, upon the productivity of the territory. For 
American practice, finishing diameters range from 3 to 7 in., most operators 
preferring a free working diameter of at least 4 or 5 in. The 2-in. plunger 
pump, which is the smallest size ordinarily used, requires a free working 
space at least 3 in. in diameter. The 3-in. plunger pump, which is the 
most commonly used size, requires a free working diameter of about 43^^ 
in. The 4-in. pump, the largest commonly used size, requires a free 
working diameter of about in. 

The maximum depth to which it would be practical to drill a well 
with modern equipment and methods, would depend somewhat upon 
the character of the formations to be penetrated, the size and weight of 
the equipment used, the power available and the skill of the driller. 
Wells have been drilled with churn drilling cable tools to depths in 
excess of 7,300 ft., and with rotary tools to more than 7,000 ft. The 
deepest well yet drilled, near Fairmont, W. Va., was drilled with cable 
•tools to a depth of 7,579 ft. There seems to be no good reason why 
drilling equipment of either type could not be designed to drill to greater 
depths if necessary. 

The depth to which it is profitable to drill is the determining factor 
in most drilling operations. This economic limit of depth varies with 
the quality of the oil, the prevailing selling price, the productivity of the 
well, the cost of drilling and other factors. Such factors are quite vari- 
able. Within recent years, wells drilled to depths in excess of 4,000 ft. 
for a production of 100 bbl. per day of 25°B6. oil, have been found profit- 
able in some localities. 

THE AMERICAN STANDARD CABLE SYSTEM OF DRILLING 

Development of the American Standard Cable System. — The origin 
of the cable system of drilling is uncertain, but historical references 
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show that it had reached a fair state of development in China prior to 
the seventeenth century. It is said that up to the year 1700, the Chinese 
had sunk over 10,000 wells to depths of over 500 m. for the production 
of brine. Practically all of the equipment used in drilling these early 
wells — ^rope, pipe and derrick — was made of wood, the elastic bamboo 
being widely used. The power used was man power. The drilling tools 
were suspended from the end of a spring pole, the churning movement 
being given to the tools by the workmen running up a short incline and 
jumping down one after another, on a small platform also attached to the 
spring pole. 



{After R. B. Woodworth in Trans, Am. Inst. Mining Bngra.) 
Fig. 33. — Spring-pole rig for cable drilling. 


The spring pole method, with minor variations in the manner of 
applying the power, was also widely used in other parts of the wo ld in 
drilling wells for various purposes, chiefly for brine. The records of well 
drilling in the United States begin in 1806, when the first American well 
was drilled near Charleston, W. Va., for brine. The appliances used in 
drilling this first American well were very simple. A spring pole 20 
ft. long was mounted on a forked stick of wood and fastened to the ground 
at one end (see Fig. 33). Attached to the free end of this spring pole, was 
the drilling cable, to the lower end of which the iron bit, 2^-^ in. in dia- 
meter and quite primitive in construction, was fastened. Stirrups, also 
attached to the free end of the pole, were used by two or three men in 
producing the necessary churning motion, their weight pulhng the cable 
down, while the elasticity of the pole served to jerk it back with 
sufficient force to raise the tools a few inches. The casing consisted of 
two long strips of wood, whittled into half tubes and wrapped with 
twine. The conductor was a straight, well-formed, hollow sycamore 
gum, 4 in. in internal diameter, sunk to bed rock in a shallow pit. Even 
in this primitive equipment, used on our first American well, all of the 
essential features of what we now call the ^'standard cable system of 
drilling, were present. We still use the same method of drilling, but 
our equipment is more elaborate. 
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The first well drilled for oil in the United States was the Drake well, 
sunk near Titusville, Pa., in 1859. Many of the shallow wells that were 
drilled in the same locality following the discovery of oil in the Drake 
well were drilled with the aid of spring poles by hand methods. As might 
be expected, the early operators of these laborious and slow hand drilling 
rigs soon began to contrive mechanical means for applying the power. 
The steam engine was the best known prime mover in the early days, and 
naturally the first mechanically driven drilling rigs were operated by 
steam engines. The engines used were of the simplest type: an ordinary 
reversible engine, with the piston controlled by a plain slide valve — a type 
of engine which in spite of its inefficiency is widely used even today for 
the drilling of oil wells. The ‘engine was used to give a reciprocating 
motion to the drilling cable through the instrumentality of a large wheel, 
called a '^band wheel, the metal shaft of which was connected to one 
end of a walking beam by means of a crank and pittman. The drilling 
cable attached to the opposite end of the walking beam was thus given 
a churning motion with each revolution of the band wheel. 

The first rigs were light and small, for the wells were shallow and the 
duty not severe. For hoisting out the tools, a simple tripod was used, 
made of three sticks of timber tied together at the top and supporting a 
crude wooden or iron pulley. The drilling cable was passed over the 
pulley and power applied to the free end by a hand power windlass or a 
mechanically operated hoisting drum. Such drilling rigs served well 
enough in the shallow territories which were first exploited for oil, but 
were soon found to be inadequate when deeper drilling became neces- 
sary, or when more difficult conditions were encountered. Small changes 
were made here, an improvement there. New parts were added as new 
duties were imposed, until finally there was evolved the modern cable 
drilling rig which we call the American standard rig.’' 

The American Standard Cablpj Rig 

Sixty years of development, during which hundreds of thousands of 
wells have been drilled by this method, have now fairly well standardized 
the equipment used. However, there is some variation in the size and 
weight of the parts of the rig to adapt it to the conditions imposed in 
different fields. Deeper drilling, characteristic of the western American 
fields, has also been responsible for the addition of certain new parts, 
particularly for the handling of heavy strings of casing. 

The standard cable drilling* rig is housed and supported by a structure 
which has two principal parts: first, the derrick, a high pyramidal 
framed structure, erected directly over the site selected for the well; 
and second, a long narrow and comparatively low structure which houses 
the engine or motor, the belt, a large band wheel and other mechanism 
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provided for applying and controlling the power. These structures 
rest on suitable foundations of heavy timber, which together with certain 
other supports for the wheels and other moving parts, are known as the 
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“rig timbers.” iSubstantial flooring is provided under the derrick and 
within the engine house and belt house, and a platform is built at one 
side of the belt house on the same level as the derrick and engine house 
flooring, and connecting the two (sec Fig. 34). 
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Motive power is transferred from the engine pulley to a large wooden 
band wheel by means of a belt. The band wheel is mounted, by means 
of metal gudgeons, on a steel shaft resting in metal bearings supported 
on two substantial ‘^jack posts.'^ Overhanging the bearing on* one end 
of the band wheel shaft, a crank is keyed; this may be connected by 
means of a metal wrist-pin ” to the lower end of a pittman, the upper end 
of which is attached by a metal stirrup to the end of a ^Valking beam.^' 
The walking beam is a long substantial timber, supported at its center on 
a pivot and bearing, which permits it to oscillate as the crank revolves. The 
end of the beam opposite that to which the pittman is attached, overhangs 
the well, and the drilling cable on which the drilling bit is suspended may 
be attached to the beam with an adjustable ^'temper screw.^^ By means 
of this simple mechanism the bit is raised and lowered an amount governed 
by the swing” of the walking beam, with each revolution of the band 
wheel. The movement of the beam is adjustable by changing the posi- 
tion of the wristpin in the crank. Five holes are provided in the crank 
for this purpose, each at a different distance from the center of rotation 
of the handwheel shaft. The movement at the end of the beam ranges 
from 2 to 5 ft,, each successive hole in the crank adding 6 in. to the sweep 
of the beam. 

On the side of the band wheel a wooden tug pulley is mounted, which 
provides a means of operating an endless rope drive (the ^'bull rope”) to a 
large pair of wheels called ''bull wheels.” These wheels are mounted on 
opposite ends of a wooden or metal shaft on which the drilling cable is 
wound, the free end of the drilling cable passing up through the derrick 
to a metal sheave on the derrick ‘'crown,” and thence vertically down- 
ward to the drilling tools in the well. The bull wheels are used for apply- 
ing the power in hoisting the drilling tools out of the well. A band 
brake bearing on the face of one of the two bull wheels serves to control 
the descent of the tools when they are being lowered into the well, and 
»to hold them suspended when necessary. 

On the opposite end of the band wheel shaft from that on which the 
crank is attached, there is mounted a sprocket wheel controlled by a clutch. 
An endless chain from this sprocket drives another large wheel called the 
"calf wheel,” on the shaft of which the "calf line” is wound. This is a 
substantial cable, usually of steel, which passes up through the derrick to 
the crown and is threaded back and forth between four stationary sheaves 
("crown blocks”) and three traveling sheaves mounted in a massive frame 
to which the "dead line” or end of the cable is also fastened. This 
"hoisting block,” as it is called, is used in lowering, lifting and sup- 
porting the heavy strings of casing suspended in the well. A large 
hook and special pipe clamps, called "casing elevators,” provide a means 
of attaching the casing to the hoisting block. A band brake on the rim 
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of the calf wheel serves to control the* descent of the casing, or to hold it 
suspended when the calf wheel clutch is disengaged. 

The ^'bailer,'' by means of which the material loosened by the drill is 
removed from the well, is suspended on a light steel cable or ''sand line,” 
which passes over a sheave at the crown of the derrick and thence down- 
ward, outside of the derrick, to the "sand reel,” a small metal drum 
mounted on a horizontal steel shaft. The sand reel and its shaft and 
bearings are mounted on a movable cradle which permits of a friction 
pulley keyed to the same shaft being brought to bear against the face of 
the band wheel, thus revolving the sand reel, winding up the sand line and 
raising the bailer. The bailer is lowered by gravity, a postbrake on the 
sand reel friction pulley serving to control the speed. 

It will be observed that the mechanism described in the foregoing 
paragraphs has four chief functions: (1) to churn the drilling tools up and 
down in the well, thus accomplishing abrasion of the material at the 
bottom ; (2) to lower the drilling tools into the well and hoist them out, 
. by unwinding or winding the drilling cable on the bull wheel shaft; (3) to 
raise, lower and support the heavy metal casing with the aid of the calf 
line, or casing line, and calf wheel; and (4) to hoist and lower the bailer, 
used in excavating the material loosened by the drill. In addition to the 
main features of the rig outlined above, there must be the necessary 
brakes and levers for controlling the engine and the various wheels, and a 
^reat variety of tools and implements useful in conducting the work. 
* These will be considered in greater detail in the following pages. 
Application of the several forms of power to cable drilling is discussi^d in 
Chap. XIV. 


The Derrick 

In addition to supporting the various tools, wheels and cables in 
position, derricks have the function of providing something to pull against , 
in handling the long lines of heavy tools and casing, which may aggregate 
many tons in weight. On account of this great strain put upon it, the 
derrick must be braced in all directions and securely anchored on firm 
foundations, so that it will not collapse or be pulled over. It must be 
high to provide sufficient head room between the sheaves at the crown and 
the mouth of the well at the derrick floor, in which to manipulate the 
long strings of drilling tools and casing. 

Derricks may be constructed of cither wood or steel. Common pine 
and hemlock are generally used in the construction of wooden derricks in 
the American fields. Harder woods, such as oak, beech or maple, are 
used in certain of the posts, sills, wheels, shafts, crown blocks and other 
members subjected to great strain or wear. Rarely creosoted timber 
will be used. Steel derricks may be constructed either of the usual rolled 
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sections — angles, channels, I-beams, etc. — or of tubular forms. For hous- 
ing the lower portion of the rig and derrick, galvanized corrugated iron 
is often used instead of wooden sheathing. While somewhat more 
expensive than wood, galvanized iron is fireproof and longer lived. The 
derrick footings may require the use of concrete, though they are often 
built entirely of wood. 



Fio. S.'S. — An S2-foot standard cable rig, California type. 


Derricks for cable drilling vary in height from 60 to 82 ft., they ar(i 
from 16 to 24 ft. square at the base, and from 4 to 6 ft. square at the top. 
•The size of the derrick is designat('d by the height and the area of the 
floor space enclosed within the four corner posts or legs. Thus, a 20- by 
74-ft. derrick has a floor space 20 ft. square, and is 75 ft. high. This size 
has been used more than any other in the western American oil 
fields, though the tendency in recent years has been toward larger, 
particularly higher structures. It is seldom that the floor space is made 
less than 20 ft. square, and the heavier types are 22 or 24 ft. square. 
The 24- by 82-ft. derrick is a commonly used size for cable drilling in 
deep territory (sec Fig. 35). 

Wooden Derricks. — A 20- by 74-ft. derrick requires some 20,500 bd. ft. of lumber 
and timber. For a 24- by 106-ft. derrick, a size commonly used in rotary drilling, 
31,700 bd. ft. are necessary. These figures include all wooden parts of the rig except 
the bull and calf wheels. Rough, undressed lumber and timber is used tliroughout, 
except in the construction of the wheels. 
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The derrick is supported on short posts, which rest in turn on a suitable founda- 
tion of either timber or concrete. The posts mentioned support the principal foun- 
dations or sills; these are given various names according to their positions in the 
structure. 

The derrick consists of four upriglit memlxjrs, called ^‘legs,” forming the comers 
of the structure, braced by horizontal girts and diagonally placed braces. The legs 
are constructed by nailing 2- by 10-in. and 2- by 12-in. planks together to form a 
90 deg., V-shaped trough, each side of the trough taking the direction of one side of 
the derrick. Ordinarily one set of these legs extending to the full height of the 
stmcture will be strong enough. Derricks designed for deep well drilling, using heavy 
equipment, are constructed with two such trough-shaped legs, one within the other, 
at each corner, the second or outer set of legs being known as “doublers.'^ For 
moderate depths, doublers may be used only to reinforce the lower 18 ft. on each 
leg, but in many heavy rigs they extend to the full height of the derrick. In excep- 
tionally heavy derricks, a third set may be used to reinforce the lower 18 ft. on each 
leg. 

All four sides of the derrick are battered to a slope of from 1 in 5 to 1 in 7, depend- 
ing upon the height of the derrick and the size at the bottom and top. The horizontal 
girts and inclined braces are usually of 2- by 12-in. or 2- by 8-in. material. They serve 
to hold the legs in position and take a portion of the compressive strain put upon the 
structure during drilling operations. In addition to the usual braces and girts just 
mentioned, heavy derricks requiring additional strength are “sway braced “ by adding 
another set of girts on the outside of the legs, opposite every other set of inside girts, 
and placing long diagonal braces between the outside girts (see Fig. 95). 

The engine and belt houses are built of I- by 12-in. lumber, as is also the lower portion 
of the derrick, if it is to be housed. For the walk connecting the derrick and the engine 
^ouBc, and the flooring throughout the structure, 2-in. planks are used. A rack of 6- 
by 8-in. timbers is built beside the walk for the purpose of holding casing, tubing, 
tools and miscellaneous equipment that may be necessary from time to time as drilling 
proceeds. 

Derrick Construction. — After the site selected for the well has been cleared of 
trees, brush and other vegetation, excavations are made if necessary for the derrick 
footings, the mud sills and the engine and belt house foundations. Usually at this 
time the cellar will also be dug, and if rotary equipment is to be used, the slush pit will 
be excavated. The cellar, which consists of a vertical shaft about 8 or 10 ft. square 
with the spot selected for the well as its center, is not always necessary but is conveni- 
ent in inserting and manipulating casing, particularly in wells drilled with cable tools • 
through soft formations which have a tendency to cave. In such formations it is 
often necessary to allow the casing to follow closely the progress of the drilling tools. 
The depth of the cellar should therefore be about 20 ft. below the derrick floor in order 
that a full length of pipe may be added to the casing in the well without interfering 
with the operation of the temper screw. For rotary drilling, the cellar is generally 
unnecessary except as a means of setting a conductor. 

Erection of the rig and derrick begins with the placing of the mud sills and the 
main, nose, sub and tail sills. derrick footings, which consist of 2-in. plank or 

concrete piers are meanwhile prepared, and when these are completed, short posts are 
mounted upon them of proper length to support Jhe derrick sills level with the mud 
sills. The derrick floor will next be put down, and the legs, braces and girts of the 
derrick assembled and securely nailed together and surmounted by the crown, water 
table, bumpers and crown block (see Fig. 34). 

The rig posts are next placed in position on their respective sills — the jack post 
which supports the band wheel and crankshaft, the bull wheel and calf wheel posts 
and the knuckle post, the back brake and bracing for support of the sand reel. The 



98 


PETROLEUM PRODUCTION ENOINEERINO 


band wheel, bull wheels and calf wheel are next assembled and placed in position, and 
the engine block is placed on its foundations. The Samson post and walking beam are 
not placed until the bull wheels may be used for drawing them into position. The 
sand reel and friction pulley are not mounted until the band wheel is in position, care 
being taken to make certain that the friction pulley runs true with the band wheel. 
Finally, the framing and housing about the engine house, the belt house and the lower 
portion of the derrick is installed, the plank wall connecting the engine house and 
derrick is laid, and the casing rack is built. Attention must then be given to many 
details, including proper placing and adjustment of the rig irons, wedging and bracing 
the sills and posts, guying the derrick and general "rigging up" or preparing the 
equipment for drilling operations. 

A wooden "standard" rig and derrick for cable drilling, or a "combination" rig 
for either cable or rotary drilling, can be erected and rigged in from 15 to 20 days by a 
rig-building crew of five men. A "rotary" rig can be assembled in less time, often 
from 10 to 15 days. 

Setting the Conductor. — In order to exclude surface water and debris from the 
well, and in part also, to assist in keeping the drilling tools aligned, a "conductor" 
of drive pipe, riveted steel "stove pipe," corrugated steel pipe or wooden staves is 
installed in the cellar and rigidly braced. This conductor extends downward from the 
floor of the derrick, usually to bedrock, unless this lies at too great a depth. When the 
superficial deposit of earth is too thick to permit of setting the conductor on a solid 
foundation, 2 or 3 lengths of drive pipe coupled together and equipped with a sharp 
steel shoe at the lower end may be driven to bedrock with the aid of the drilling tools. 
The conductor is of somewhat greater diameter than that of the well itself, and may 
be removed or cut off a little above the level of the cellar bottom after the well has 
attained a depth of 100 ft. or more. 

Steel derricks and rigs are of two general types: first, structural steel derricks^,, 
made up of the ordinary structural shapes; and second, tubular steel derricks, in which 
the various members are made of sections of steel pipe.^^ Mild steel similar to that 
used in ordinary structural work is the material used. In moist climates near the 
sea, galvanized metal, which more successfully resists corrosion, may be used to 
advantage. 

The Woodworth derrick manufactured by the Carnegie Steel Company, utilizing 
structural steel forms, is illustrated in Fig. 36. Steel angles, 4 by 4 in., or 6 by 6 in., 
in cross-section, and from He to in. thick, are used fur the legs, it being customary 
to use thicker sections toward the bottom where the strain is greater. The girts and 
•braces are also constructed of steel angles, but are smaller and lighter. This type 
makes use of square root angles or web plates through which the various members 
making up each joint are bolted. Eight bolts are used at each joint. Another type, 
the Yorke derrick, is built of structural angle steel and makes use of a patented joint 
utilizing lock bolts. These bolts may be put in place before erection, connection 
being made by slipping slots, cut into the kteel angles, over the bolts and tightening 
the nuts. A derrick of this type can be erected or dismantled in a few hours. The 
Foukes structural steel derrick utilizes a patented type of joint, consisting of a steel 
plate bent around the leg section. The girts and braces are attached by three bolts 
at each joint passing through lugs on the bent plates. 

The tubular steel derrick has attj^ined a considerable popularity in certain districts, 
replacing to some extent the earlier form of wooden derrick. The legs of these tubular 
steel derricks are made of steel pipe of varying weight, depending upon the position 
of the member in the structure. The different parts are fastened together by special 
clamps of forged steel to which the girts and braces are attached by means of bolts 
(see Fig. 37). Tubular derricks of "duplex" or "triplex" design have one or two pipes 
telescoped within the outer pipe to give additional strength. It is claimed that two 
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men can erect a full-sized derrick of this type in one day. Small and light tubular 
steel derricks are made for erection at pumping wells, which are strong enough to 




Half-tone insert shows detail of derrick leg joint. 


withstand the occasional repair and cleaning operations, but not heavy enough for 
drilling operations. 
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Various combinations of wood and steel in the construction of derricks have also 
been worked out, particularly to facilitate dismantling and reassembling at a new site. 
One of these that has been used to some extent in prospecting work uses wooden legs 
and girts, with braces made of round steel rods. At the joints, all members are bolted 
through metal angle plates. The metal braces are adjusted to take most of the strain 
by means of adjustable turnbuckles. 

In addition to the use of steel in building the derrick proper, steel framing and 
corrugated iron sheathing is also provided for the belt house and engine house by most 
steel derrick designs. The foundations may be of timber if desired, but special 
steel sills and posts may also be had. 

Steel walking beams, pittmans, band wheels, calf wheels and bull wheels are also 
available, built of standard rolled steel sections. The steel wheels are usually faced 
with replaceable oak cants to provide a wooden braking surface and a less abrasive 
surface for the ropes and belt to bear upon. The use of steel in the construction of 
moving parts of the rig, particularly in the construction of the wheels, provides a 
much better type of working gear than is possible with wood : mechanically superior, 
easier to keep in alignment and adjustment, more reliable under strain and longer 
lived. There seems to be little disagreement among drillers over the superiority of 
metal construction in comparison with wood in the building of these working parts. 
The only disadvantage is that they cost more. It is not unusual to wear out two or 
three sets of wooden bull and calf wheels m the drilling of a single deep well, while the 
steel wheels practically never wear out, except for the replaceable wooden cants. 

Advantages and Disadvantages of Wooden and Steel Derricks. — Wooden derricks 
are generally preferred by drillers particularly for cable drilling, because they are said 
to be more flexible than steel and resixmd better to the churning motion of the 
tools. 

^ Since the derrick is usually left at the well after the drilling operations are com- 
pleted, to facilitate subsequent repair work, the rate of deterioration of the materials 
used is an important consideration. Wooden derricks are often built of common 
pine, which will last in the climates prevailing in most American oil fields, perhaps 
5 or 10 yr. without noticeable decrease in strength. If the life of the well is likely 
to be greater than 10 yr., in some climates timber treated with a preservative, such as 
creosote, may be preferable and more economical in the end. The average life of 
treated timber is probably from 3 to 5 times that of the untreated material, but its 
cost is materially greater. Steel derricks, if properly protected against corrosion, are 
practically permanent, and suffer very little deterioration. 

The possibility of fire is also an important consideration in the selection of derrick 
materials. Here, of course, steel has a great advantage over wood. Creosoted 
timber offers a greater fire risk than untreated wood. 

Again, if there is probability of a derrick being moved from one location to another, 
as in prospecting work, the steel rig and derrick is much to be preferred. Tearing 
down and removing the heavy spikes used in the construction of wooden derricks is 
likely to cause considerable damage to the timber members; while the steel structure, 
being fastened together with bolts, is readily disassembled. Because of the oppor- 
tunity for better design in proportioning the various parts of a/ steel rig, particularly 
in the rig posts and sills, the steel derrick is lighter than the w'ooden derrick by some 
25 or 30 per cent. A standard 80-ft. Woodw^orth rig and derrick, including founda- 
tions, bull and sand wheels, house framing, corfugated sheathing, etc., weighs only 
45,300 lb. as compared with approximately 60,000 lb. for a wooden rig and derrick 
of the same size and strength. It is claimed that the collapse of a properly erected 
steel derrick, even under severe working conditions, is an impossibility. This gives 
a feeling of security to the workmen that is not always enjoyed when working under 
a wooden derrick. 
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Though the first cost of a steel derrick is normally greater than that of a wooden 
derrick^ the cost of lumber is continually increasing as our forests are denuded, and 
the time may soon come when difference in cost as between the two types will count 
for little. The cost of erection is also less for a steel derrick, and when the com- 
paratively short life of the wooden structure is considered, together with the fire risk, 
it is apparent that the steel derrick is destined eventually to displace the wooden 
derrick. 

The design of a derrick involves consideration of the character of loading and 
the direction and intensity of the various forces imposed on the structure. Con- 
siderations of transportation and erection cost and economy of material require 
that the structure be as light as may be consistent with the service required of it. 
The ordinary processes of drilling, bailing and handling casing provide comparatively 
little strain on the derrick, but a safety factor of at least 4 should be allowed in order 
to provide for the unusual and suddenly applied strains imposed at certain times, 
such as in the “pulling” of casing or in jarring up during fishing operations. 

Wind pressure also must be taken into account in the design, 30 lb. per square 
foot of exposed surface being a suflicient allowance in most regions. This is equiva- 
lent to the pressure imposed by a wind moving at the rate of about 70 miles per hour. 
Tubular forms have a considerable advantage in this respect over designs which 
present a broad flat surface to the wind. 

The influence of wind pressure on the structure as a whole is offset largely by 
the use of guy wires to near-by stationary objects on the ground, or to “deadmen” 
of timber, steel or concrete buried in the earth. From 8 to 24 guy wires are used, 
that is, from 2 to 6 on each leg. These are attached at two or three points between 
the derrick crown and the lower panel, and are led off from the derrick in the direc- 
tion of the diagonal plane through the opposite leg. In cases where 6 wires are 
used on each leg, they may be arranged with 3 wires in each of two planes, paralleling^ 
the sides of the derrick panels. A suitable type of guy line is one composed of 
7 steel wires twisted together to form a strand which may be had in diameters rang- 
ing from H to in. The and ^-in. sizes are widely used. The guy wires 
should be anchored at points not less than 100 ft. from the derrick. Serious damage 
has resulted in some American fields through inadequate wiring and failure of guy 
lines and deadmen during heavy windstorms. 

A study of the form of the derrick and the direction of the forces applied will 
show that there is comparatively little eccentric loading, the power opposing the 
loads being applied vertically, or nearly so, except in so far as transmission to the 
wheels is concerned. The legs, of course, are under direct compression at all times, 
both from the live load imposed and from the dead load of the structure itself. The 
batter of the sides of the structure would tend to put the girts and braces toward the 
top under compression, while those toward the l)ottom are theoretically under 
tension. 

Some parts of the rig, such as the walking beam and the wheel supports, are 
subjected to heavy bending stresses, which must be offset where possible by suit- 
able braces. Joints between posts and sills must be carefully framed to prevent 
movement, particularly during oscillation of the walking beam. Drive keys must 
be provided at all such joints to take up clearances and prevent movement and 
loss of alignment. 

The actual strain likely to be imposed is not susceptible of close measurement, 
and can only be estimated approximately. The maximum is probably attained when 
the structure is required to withstand the strain necessary to pull apart a string of 
heavy casing that has become “frozen in the well, or so bound with loose material 
from the walls that it cannot be moved. Some drillers urge that the structure should 
be strong enough to withstand the strain imposed by “ parting “ a string of 12-in. 
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40-lb. casing. Steel derricks have been designed for working loads varying from 
92,000 to 294,000 lb. 

The height of the derrick is determined in the case of the cable rig by the length 
of the string of drilling tools and hoisting gear that must be suspended between the 
crown bloc^ and the mouth of the well. In the case of the rotary derrick, the number 
of 20-ft. lengths of drill stem per stand is the determining factor. 

The Rig Wheels 

The large wheels which provide braking surfaces and a means of 
applying power in the various operations of hoisting and lowering the 
tools, casing and the bailer, are usually built of wooden segments, cants 
and arms, rigidly nailed or bolted together. They are bolted to cast- 
iron gudgeons which provide a means of fastening them to the wooden or 
metal shafts on which they revolve. 



Fig. 38. — Showing assembly of crank, wrist pin, crank shaft, band wheel gudgeons, sprocket,’ 
clutch, V)race8 and supporting posts and sills. 

The band wheel is a solid wooden wheel varying from 9 to 12 ft. in 
diameter, built of lumber segments held together by numerous bolts. 
The wheel has a smooth face, 12 in. wide, on which bear the belt from 
the engine pulley and the sand reel friction pulley. The wheel is 
bolted at the center to two cast-iron hubs, one on either side, which 
provide a means of keying the wheel to the crankshaft on which it turns. 
Attached to one side of the band wheel^s a wooden tug pulley 7 ft. in 
diameter, on the rim of which one or two grooves are cut to receive the 
bull rope or ropes which drive the bull wheels. The steel crankshaft is 
supported by two metal bearings, one on cither side of the wheel, mounted 
on two upright jack posts (see Fig, 38). 
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The bull wheels, two in number* are mounted, one on each end of an 
oak shaft 14 or 15 ft. long and 16 or 18 in. in diameter. Sometimes a 
shaft of smaller diameter made of steel pipe is used. The wheels are 
or 8 ft. in diameter, built of oak cants and arms. The wheels are 
from 9 to 12 in. wide, one faced to a smooth braking surface for a metal 
band brake which bears upon it, and the other grooved to receive the 
drive from the bull rope or ropes. The bull wheel shaft, when built of 



Fio. 39. — Bull wheels, showing shaft, spooling flanges and supporting posts. 


wood, is round in the center, but is usually octagonal at the ends in order 
to provide a positive grip for the metal gudgeons which serve as the hubs 
of the wheels, to which the arms or spokes are bolted (see P'ig. 39). The 
metal gudgeons at the ends of the bull wheel shaft are supported in metal 
boxes, mounted on substantial wooden *^bull wheel posts,'" braced 
between the derrick sills and the first horizontal girt. Around the side 
of each bull wheel, 16 wooden handles are inserted. These are useful in 
turning the wheels by hand when necessary in taking up slack in the 
drilling cable. Mounted on the bull wheel shaft are two adjustable 
‘‘spooling flanges" which prevent the drilling cable from slipping on the 
shaft and confine the portion of the cable in actual use to the central 
section. 

The calf wheel is usually built more substantially than the bull 
wheels, because of the greater strain to which it is subjected, but it is 
similarly constructed of oak ednts and arms. Heavy calf wheels have 
twice as many arms as the ordinary bull wheel, the arms being braced 
in pairs in opposite directions (see Fig. 40). The calf wheel shaft is 
similar in its construction and equipment to the bull wheel shaft 
described in the preceding paragraph, except that it is shorter. It is 
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supported by a pair of heavy upright posts and turns on steel gudgeons 
resting in metal boxes. Mounted on one side of the calf wheel rim is the 
sprocket wheel which receives the chain drive from the crankshaft 
sprock(?t. An earlier type of calf wheel using a rope drive instead of the 



Fia. 40. -Calf wheel, showins shaft, sprocket and supporting posts. 

chain drive is now almost obsolete. Frequently, the steel surfar e of the 
calf wheel shaft is lagged with hemp rope to prevent abrasion of the casing 
line wound on it. A stcH'l band brake operated by a lever bears on the 



Fia. 41. — Sand reel, shaft and drive pulley. 


wooden face of the calf wheel and prevents it from turning when it is 
required to support heavy loads. 

The sand reel is an all-metal drum, keyed to a steel shaft to which is 
also attached a cast-iron friction pulley (see Fig. 41). On the drum, the 
sand line is wound. The friction pulley may be brought to bear against 
the face of the band wheel, causing the sand reel shaft and drum to 
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revolve. The drum is usually about *3 ft. long and varies from 6 to 20 
in. in diameter. The drum flanges are often about 3 ft., and the friction 
pulley about 40 in. in diameter. The sand reel shaft is supported by 
metal bearings mounted on a movable timber frame pivoted at its lower 
end on two heavy ‘^sand reel posts. This frame may be drawn forward 
by the “sand reel lever until the friction pulley bears against the revolv- 
ing band wheel, or it may be forced backward against a wooden post 
which bears against the friction pulley, serving as a brake to control the 
'descent of the bailer. 



Fia. 42. — Seven-shoave crown block for combination rig. 


The crown block contains 6 or 7 cast-iron pulleys ranging from 24 to 
36 in. in diameter, supported by metal boxes, bolted to substantial oak or 
steel supports (see Fig. 42). These sheaves should be of large diameter in 
order to avoid sharp bends in the cables passing over them. The largest 
sheave, usually 36 in. in diameter, is the “crown pulley” over which the 
drilling cable passes. The “sand line pulley” is of intermediate size, 
often 30 in. in diameter. The four .(sometimes 5) smaller sheaves are 
provided for the support of the casing line, which is threaded back and 
forth between them and the sheaves in the hoisting block. The number 
of sheaves provided for the casing line depends upon the load likely to 
be imposed, the mechanical advantage in favor of the power being in 
direct ratio to the number of ropes extending between the crown block 
and the hoisting block. 

The Rig Irons. — All of the metal parts used in the construction of the 
standard cable rig, with the exception of the nails, bolts, sand reel and 
guy wires, arc known collectively as the “rig irons.” They include such 




CHURN DRILLING METHODS 


107 


items as the gudgeons, shafts and* boxes of the wheels, the crank and 
wristpin, the sprocket wheels chain and clutch, a metal stirrup for the 
pittman, the center irons or metal bearing on which the walking beam 
oscillates, together with numerous bolts and fastenings. Rig irons are 
furnished in complete sets by the manufacturers, varying in size and 
weight with the size of the rig for which they are intended. The size is 
designated by the diameter of the crankshaft, which may vary from 4 to 
in. Rig irons of the 4- and 5-in. sizes are used only for shallow wells 
and light work, the 6-in. size being commonly employed for heavier duty. * 
Aside from differences in size and weight, there is some variation in design 
of rig irons, and in the list of parts furnished in sets. Thus, the California 
pattern, Oklahoma pattern and Pennsylvania pattern rig irons differ 
from each other in certain respects, being designed particularly for the 
type of rigs favored in the regions after which they are named. 

Cables and Cordage 

The selection of material for the cables and ropes used in driving the 
wheels, operating the drilling tools and bailer and supporting the casing, 
must receive careful attention. Both hemp and manila sisal and steel 
wire are used in the construction of these cables, and special forms have 
been devised to adapt them better to the purposes for which they are used. 

• The Drilling Cable. — Probably the most important of the cables used 
in the standard rig is the drilling cable which serves to connect the drilling 
tools in the well with the power at the surface. When drilling is in 
progress, the drilling cable is suspended from the walking beam to which 
it is attached by the temper screw. The surplus cable is carried up 
through the derrick over the large central crown pulley, and thence 
down to the bull wheel shaft on which it is coiled. When the drilling 
tools are being lowered or hoisted, or are suspended in the derrick, the 
tension in the drilling cable is transferred directly to the bull wheel^ 
and crown pulley. 

The duty imposed on the drilling cable is severe. Not only must it 
support the weight of the tools (often between 1 and 2 tons), but the dead 
weight of the cable itself may be as great as that of the tools when operat- 
ing at a depth of 2,000 or 3,000 ft. Furthermore, the strain imposed by 
the alternate application and relief of tension with each stroke of the 
tools, and the wear resulting from rubbing of the outer strands of the 
cable on the rough rock walls of the well and the metal casing, also tend 
to weaken it and to shorten its useful life.® 

Hemp Drilling Cables. — Both manila fiber and steel wire have been widely used in 
the construction of drilling cables, but the former is generally preferred where its 
strength is adequate on account of its greater elasticity. With proper adjustment 
of the temper screw and motion of the walking beam, a much harder blow may be 



108 


PETROLEUM PRODUCTION ENGINEERING 


struck with the tools when they are suspenfled on a hemp cable than is possible with 
steel, because of the greater elasticity of the hemp cable, which materially increases 
the length of stroke. Furthermore, if the temper screw is adjusted so that the 
tools strike bottom on the ^‘spring of the line, they rebound quickly when the blow 
has been struck, thus dislodging the bit from the cuttings wliich otherwise tend to 
hold it. The hemp cable imposes less strain on the derrick, and makes hole faster 
than'does the steel cable. 

Hemp cables of 2, and 2)4 in. diameter have been widely used in the drilling of 
wells up to 1,500 or 2,000 ft. in depth, but at greater depths the large-sized cable 
necessary becomes expensive and impracticable, and a .steel cable must be substi- 



2 / 2 -INCH MANILA DRILLING CABLE 



3-INCH MANILA BULL ROPE 


Fio. 43. — Typc.s of cordage ii.«K?d in e.able-drilling rig.*?. 


tuted. During drilling operations the well must be at least partially filled with 
water, and the friction developed by the motion of a rough manila cable of large 
diameter, through this water, seriously reduces the force of the blow struck by the 
tools and increases tlie power consumption. The displacement of fluid in the well 
by so large a cable is also excessive in a hole of even moderate diameter, so that the 
tools do not drop promptly on the down stroke of the walking beam, as they should 
for best results. 

Manila drilling cables are made of a selected grade of manila hemp in long fibers, 
twisted especially hard to withstand the severe strain to which they arc subjected. 
The fibers composing the strands are given a left “lay'^ or twist, while the strands 
making up the ropes are given a right lay. The three ropes composing the cable are 
tightly twisted in the reverse direction to the twist of the cable itself in order to 
prevent the cable from kinking readily, and so that the cable will not unwind when 
subjected to heavy loads. This construction (see F'ig. 43) results in the individual 
strands running parallel with the axis of the rope and there is less abrasion of the 
outer strands than would be the case if they assumed an agular position. To achieve 
an equal distribution of the load on the three ropes composing the cable, the lay 
of the strands, ropes and cable must be perfectly uniform throughout. 
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The strength of a hemp cable depends directly upon the strength of the individual 
fibers and the means adopted for preventing them from pulling apart. ^ They may 
fail either through breakage of the fibers, or by the pulling apart of the several fibers 
which make up the strand. Since the original fibers will seldom be more than 3 ft. 
long, and often a good deal less than this, it is evident that the strand depends for its 
strength upon the friction developed between the individual fibers by twisting. If 
a strain is put upon the rope in excess of the frictional resistance to movement of the 
fibers, they pull apart or slide on each other. Wetting the hemp fibers will decrease 
their angle of friction. It is found that a hemp cable properly designed to develop 
the proper amount of friction to prevent it from pulling apart when dry, may have as* 
much as 30 per cent less strength when wet. This of course has no bearing on the 
failure of the rope by direct breakage of the fibers. 

The weight and strength of hemp cables of this type will varj'^ somewhat with the 
quality and condition of the fiber and the care taken in their construction. Table 
VIII presents what are considered by a large rope manufacturing company to be aver- 
age figures for the commonly used sizes of drilling cables. Hemp drilling cables 


Table VIII. — Weights, Sizes and Strengths of Manila Drilling Cables* 


Diameter, in. 

1 

C/ircumfercnce, in. 

Pounds per foot 

, Ultimate strength of 
new rope, lb. 

1 

VA 

m 

.949 

17,000 



1.280 

25,000 

2 

6 

1.580 

30,000 

2’i 

7 

1 790 

37,000 

2}-i 

7? 2 

2 330 

43,000 


* Data furnished by Tubbs Cordage Company of San Francisco, Cal. 


usually stretch about 50 per cent of their original length during continued use, so that 
a 1,500-ft. cable will often serve for the drilling of a 2,000-ft. hole. Hemp and manila 
rope deteriorate rapidly in dry climates, becoming dry and brittle and losing much of 
their strength and pliability. When not in use, hemp cable should be stored in a cool 
and moist place. Storehouses carrying a considerable stock of hemp or manila cord- 
age should be equipped with a humidor for its preservation during the period of 
storage. 

Steel Drilling Cables.' — The elasticity of the hemp cable is to a large extend lack- 
ing in the steel cable until the length reaches a thousand feet or more, and in some 
regions it is customary to use the steel cable only after this depth has been attained 
with a hemp cable. While something is undoubtedly sacrificed in the use of the 
steel cable through its lower elasticity, there are certain compensating advantages 
which often make its use preferable. For example, in drilling with a high-fluid level 
in the well, the smaller diameter of the steel cable results in less displacement of 
water, and because of its relatively smooth outer surface it moves through the fluid 
with less friction. Furthermore, it is stronger* has a longer life and for deep wells is 
cheaper. 

In order to secure the maximum of pliability the steel cable is made of a large 
number of wires, usually 114, assembled in 6 strands of 19 wires each, and twisted 
around a hemp core which provides a cushion for the wire strands and prevents them 
from abrading each other (see Fig. 44). For light service, a rope constructed of 6 
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strands of 7 wires each is sometimes used. The steel of which the wires are composed 
is preferably a high-grade crucible steel or plow steel, commonly used in hoisting 
cables subjected to severe abrasion. Table IX gives the sizes, weights and ultimate 
strengths of steel cables of this type. Tables X and XI show the depths to which 
two commonly used sizes may be employed for tools of different weight and for varying 
lengths of stroke. For light work and in holes of small diameter, J^-in. steel cables 
are commonly used, but for heavy service, cables ranging in diameter from to IH 
in. are customary. 



{American Steel dk Wire Co., New York). 
Fig. 44. — Steel wire drilling cable, 6 by 19. 


In determining the allowable working strain on a steel cable used in oil well service* 
it is customary to adopt a safety factor of 5; that is, the cable used should have a 
breaking strength approximately 5 times the estimated working load. This latter 
quantity, however, cannot be determined precisely, inasmuch as it is influenced by 
many conditions the effect of which can only be estimated. Probably every cable 
employed in oil well service is at times subjected to tensile stresses approaching its 
breaking strength, and since the elastic limit of steel is only about 60 per cent of the 
breaking strength, the character of the steel will be materially altered and the useful 
life of the cable shortened by overstrain. 


Table IX. — Weights, Sizes and Strengths of Steel Drilling Cables and Casing 

Lines* 

Crucible Steel, Extra Strong, 6 by 7 Wire Cable 




Approximate 
weight per 
foot, lb. 

Approximate 

Maximum 

Diameter 

Diameter 

in. 

Circumfer- 
ence, in. 1 

strength in 
tons of 2,000 
lb. 

working 
load in tons 
of 2,000 lb. 

of drum or 
sheave 
advised, ft. 

• 


3.55 

73.00 

14.60 

11 

m 


3.00 

63 00 

12.60 

10 

IH 

4 

2.45 

54.00 

10.80 

9 

IH 

3H 

2.00 

43.00 

8.60 

8 

1 

3 

1.58 

^35.00 

7.00 

7 

H 

2% 

1.20 

'28.00 

5.60 

6 


2H 

.89 

21.00 

4.20 

5 


2H 

.75 

16.70 

3.30 

4K 


2 

.62 

14.50 

2.90 

43^ 

He 1 

m 

.50 • 

11.00 

2.20 

4 

K i 


.39 

8.85 

1.80 

m 

He 


.30 

6.25 

1.25 

3 

H 

m 

.22 

5.25 

1.05 

2% 


♦ As manufactured by the American Steel and Wire Co. 
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Table IX. — Wekjhtb, Sizes and StreJ^gths of Steel Drilling Cables and 

Casino Lines* {Continued) 

Crucible Steel, Extra Strong, 6 by 19 Wire Cable 


Diameter, 

Circumfer- 

Approximate 
weight per 
foot, lb. 

Approximate 
strength in 

Maximum 

working 

Diameter 
of drum or 

in. 

ence, in. 

tons of 2,000 
lb. 

load in tons 
of 2,000 lb. 

sheave 
advised, ft. 



3.55 

73.0 

14.60 

6.0 



3.00 

64.0 

12.80 

5.5 

IM 

4 

2.45 

53.0 

10.60 

5.0 

VA 


2.00 

43.0 

8.60 

4.5 

1 

3 

1.58 

34.0 

6.80 

4 0 

% 

m 

1.20 

26.0 

5.20 

3.5 

H 

2K 

.89 

20 2 

4.04 

3.0 


2 

.62 

14.0 

1 2.80 

2.5 


* As Manufactured by the American Steel and Wire Co. 


Table X. — Depths to Which Cable Tool Drilling May Be Conducted with 
J^- iN. Steel Drilling Cables, Using Tools of Different Weight with 

Varying Stroke* 




>8 

-in. diameter oil well drilling cable 


Weight 
of tools, 

18-in. 

24-in, 

30-in. 

32-in. 

36-in. 

40-in. 

42-in. 

. lb. 

stroke. 

stroke, j 

stroke, 

stroke. 

stroke, 

stroke, 

stroke, 


ft. 

ft. 

ft 

ft. 

ft. 

ft. 

ft. 

2,000 

8,333 

5,833 

4,333 

3,957 

3,333 

2,833 

2,619 

2,500 

7,917 

5,416 

3,917 

3,541 

2,917 

2,417 

2,202 

3,000 

7,500 

5,000 

3,500 

3,125 

2,500 

2,001 

1,786 

3,500 

7,084 

4,585 

3,084 

2,709 

2,084 

1,585 

1,369 

4,000 

6,567 

4,106 

2,667 

2,393 

1,667 

1 , 169 

953 

4,500 

6,151 

3,750 

2,250 

1 1,977 

1,251 

753 * 

536 

5,000 

5,734 

3,333 

1,833 

i 1,561 

834 

337 

120 , 


* From Catalog No. 8 of Lucey Corporation. 


Care should be taken in selecting the size of sheaves over which the steel cable 
is passed or the size of drums or shafts on which it is wound, not to have the diam- 
eter of the sheave less than about 30 or 40 times the diameter of the cable, and pref- 
erably larger. In handling the cable, care should also be .taken to avoid sharp bends 
or kinks which may permanently alter the alignment of the st/ands and wires, weak- 
ening the cable and subjecting it to abnormal abrasion. 

It is often necessary to splice wire cable in adding a new length or in replacing 
a worn section. The “blind splice “ is generally used. The strands of each of the 
two ends are unwound for about 15 ft., the hemp core extracted and the strands 
of the two ends woven together, one of the strands taking the place of the core. For 
drilling cables used in very deep wells, it is sometimes desirable to use a larger size 
of cable on the upper end than on the lower, thus making allowance for the ^con- 
siderable dead load of the cable as greater depths are attained. For example, in 
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tlie drilling of a 7,500-ft. well in West Vifginia the drilling cable used consisted of 
sections of 1M-, 1)^-, 1- and %-in. cables with specially built tapered joints about 
150 ft. in length. 

The life of steel drilling cable is extremely variable and depends to a large extent 
on the hardness of the formations penetrated and the care with which it is'handled. 
In some cases a cable may be worn out in the drilling of a single well. In drilling 
the 7,500-ft. well mentioned in the previous i)aragraph, ten 8,000-ft. drilling cables 
and three ?i6-in. sand lines were used. In order to secure in some measure the 
advantage of the more elastic hemp cable, some drillers fasten about 100 ft. of hemp 
cable on the lower end of the steel cable. This ^‘cracker line,'' or “snapper line,“ 
so called, has in addition the advantage of the small diameter and low cost of the 
steel cable. It is chiefly used in the oil fields of Illinois, its use in western drilling 
practice being uncommon. 


Table XI. — Depths to Which Cable Tool Drilling May Be Conducted with 
1-iN. Steel Drilling Cables, Using Tools op Different Weight with 

Varying Stroke* 




1-in, diameter oil well drilling 

cable 


Weight 







of tools. 

24-in. 

30-in. 

32-in. 

36-in. 

40-in, 

42-in. 

lb. 

8trokf3, 

stroke. 

stroke, 

stroke, 

stroke, 

stroke, 


ft. 

ft. 

ft. 

ft. 

ft. 

ft. 

2,000 

i 0,329 

4,810 

4,430 

3,797 

3,291 

3,074 

2,500 

i 6,013 

4,493 

4,114 

3,481 

1 2,975 

2,758 

3,000 i 

5,696 

4,177 

3,697 

3,164 

2,658 

2,441 

3,500 

5,380 

3,860 

3,381 

2,848 

2,342 

2,125 

4,000 

5,063 

3,544 

3,064 

2,531 

2,025 

1,808 

4,500 

4,747 

3,227 

2,748 

2,225 

1,709 

1,492 

5,000 

4,430 

I 

2,911 

! 2,431 

1,908 

1,393 

1 , 175 


* From Catalog No. 8 of Lucey Corporation. 


The Casing Line (or “Calf Line”).— While the calf line is not sub- 
jected to the destructive jar and rapid variation in intensity of strain 
that is characteristic of drilling operations, the load to sustained l)y it 
is occasionally greater than that imposed on any other cable in the rig. 
The dead weight of a long column of heavy casing suspended on this 
cable is alone sufficient to place it under considerable tension, and since 
this may be exceeded by the frictional resistance of the ‘^formation” 
on the casing, it is apparent that at times the material will be stressed 
to a degree that will exceed its elastic lirpit. 

The casing line, it will be recalled from the foregoing general 
description of the rig, is coiled dii the shaft of the calf wheel, the free end 
being carried over the crown block and threaded back and forth between 
two or more casing pulleys and the sheaves of the hoisting block. The 
end of the cable, or dead line, is attached cither to the bail of the hoisting 
block, or to the derrick sills. The number of lines strung between the 
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derrick crown and the hoisting block determines the tension in the line 
that is developed during the lifting of a given load. The actual strain 
may be computed by dividing the weight of the load to be lifted by the 
number of lines. 

The casing line is usually constructed of steel wire, being designed 
particular!}" to withstand severe tensional strain. It must be pliable in 
order that it may bend to the rather small diameter of the sheaves over 
which it passes without abnormal bending stresses. The construction is , 
quite similar to that of the steel drilling cables described above, the cable 
built of 6 strands of 19 wires each, with a hemp core, being a common type. 
Diameters ranging from to 1 in. are customary (see Table IX). The 
material may be softer, however, since the outer strands are not particu- 
larly subjected to abrasion, which is an important factor to consider in 
the selection of a drilling cable. For the drilling of very shallow wells, or 
in regions where only light casings are used, the casing line may be of 
hemp instead of steel. In such cases the calf wheel may be omitted in 
the equipment of the rig and the casing line coiled on a part of the bull 
wheel shaft; or the drilling cable may be detached from the tools and used 
for handling casing. 

The Sand Line. — The strain which the sand line will be required to 
sustain will be comparatively small, since the dead load of the bailer and 
its contents will seldom exceed 2 tons even in th(* larger sizes of bailers. 
It is, however, subjected to considerable abrasion, as a result of contact 
with the walls of the well and casing during operation of the bailer. In 
addition, it must be sufficiently pliable to bend freely ()V('r the sand pulley 
at the crown block, and to wind without abnormal strain on the 13-in. 
drum of the sand reel. 

For service of this character a steel wire cable composed of G strands 
of 7 wires each, wound on a hemp core (see Table IX), has been found 
satisfactory. Dianniters range from to % in., th(‘ 
sizes being commonly used. The smaller sizes arc appropriate only in* 
shallow wells. Manila sand lines ranging in diameter from % to 1 in. 
arc occasionally used in shallow wells, but their life is short because of the 
continual surface abrasion and alternate wetting and drying to which 
they are subjected. 

Guy Wires. — For guying derricks it is customary to use a galvanized 
wire strand composed of 7 wires twisted into a single strand. Available 
diameters range from %4 to % in. 

Bull Ropes.— The rope drive connectyig the tug pulley on the band 
wheel with the rim of the left-hand bull wheel consists of one or two end- 
less hemp or manila ropes, 2 or 3 in. in diameter, built of a large number 
of small strands loos(dy twisted together, forming a strong and excep- 
tionally pliable rop(* (sc^e Fig. 43). The bull ropes must be frequently 
thrown from theii* grooves during the manipulation of the tools, by the 
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side thrust of a wooden lever mounted near the bull wheels. The ropes 
are crossed between the tug pulley and the bull wheels in order to reverse 



the direction of the power, and except for the rubbing of the 
ropes on each other where they cross, and occasional* slippage 
in the grooves in which they run, there is little abrasion. 
The life of the bull rope is influenced chiefly by the strain 
put upon it, resulting in direct breakage of the strands and 
pulling apart of the fibers. 

Other cordage used in the derrick is of minor importance, 
consisting for the most part of hemp rope or light steel wire 
strand used in supporting the heavy casing tongs, connecting 
the temper screw with its counterbalance, connecting the 
telegraph wheer' with the engine throttle and like purposes. 

String op Cable Drilling Tools 

The string of cable drilling tools consists of several parts 
(see Fig. 45), securely fastened together by tapered screw 
('‘pin’’) joints. The rope socket which connects the tools 
with the drilling cable is screwed to the top of a pair of 
massive telescoping 'metal links called '^jars.” These in 
turn connect at their lower end with a long cylindrical steel 
"drill stem,” and the latter is screwed to the top of the 
drilling bit. Occasionally a "sinker bar,” a short cylindrical 
steel bar, is inserted between the top link of the jars and 
the rope socket. 7*210 total length of the string of cable 
tools so connected is usually about 40 ft. The aggregate 
weight depends upon the size of hole to be drilled, but for a 
10-in. hole averages about 3,600 lb. 

Cable drilling bits are of several types differing slightly 
from each other in form and purpose (see Fig. 46). The bit 
is made of a heavy bar of steel or iron, from 4 to 11 ft. long 
(commonly 7 or 8 ft.) and somewhat wider than it is thick. 
It is dressed to a blunt edge on one end and terminates in a 
tapered "tool joint” at- the other. The upper shank of the 
bit, which is somewhat smaller than the cutting edge, is 
flattened just below the j-oint, to facilitate the application of 
a wrench in screwing it to the drill stem. A wide groove or 


Fio. 45.— "water course” iS cut down each side of the tool to permit 
Table **^draiing displacement of the fluid in the well as the tools 

tools. rise and fall. 


The form of the cutting edge is varied to adapt it to the character of . 


the rock formation to be drilled. For hard rocks, a fairly sharp chisel 
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edge is used^ while for soft material the bit will be almost flat on the 
bottom with only a blunt edge at the center. A chisel-edged bit oper- 
ating in soft rocks will loosen the material faster than it can be mixed with 
water, so that the bit rapidly becomes clogged. Particular attention is 
given, in dressing the bits, to shape the edges and corners properly, 
since the size of the hole drilled and the ‘'clearance'^ of the bit in the hole, 
depend largely upon these details. For soft rocks the cutting edge will 



Fi<i. 46. — Types of churn drilling bits. 

A, California pattern; B, Mother Hubbard pattern; C, epudding bit; D, Star bit; round reamer 
and F, Overman bit. 


be dished in somewhat toward the center, so that the corners project 
slightly. In hard rocks the cutting edge should be almost a straight line, 
in order to distribute the wear on the bit uniformly and to prevent 
breakage of the coriKU’s. 

Several common types of cable tool bits are illustrated in Fig. 46. 
The California pattern^’ represents a widely used type, though the 
‘^Mother Hubbard pattern ’’ is preferred by many drillers, particularly in 
north Texas, on account of its angular form, which, it is claimed, results 
in the drilling of a straighter hole. The spudding bit"' is a short, broad 
form used only in starting the well. The ‘*star biC^ and ‘^reaming bits^' 
are used for straightening a crooked hole and enlarging the diameter 
from the top down. The shank of the bit is usually made several inches 
smaller in diameter than the cutting edge, which permits the bit to work 
in the hole eccentrically, thus drilling a hole somewhat larger than the 
actual gage of the bit. 

Drilling bits are preferably made of a good grade of tool steel which 
may be accurately tempered to the proper degree of hardness, and which 
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holds its cutting edge and resists abrasion. C-hrome and other special 
steels are occasionally used. To reduce the cost, some manufacturers 
use tool steel only on the lower one-third of the bit, the shank and upper 
end being composed of a cheaper grade of forged iron or mild steel. This 
practice is permissible if the weld connecting the twt) metals can be satis- 
factorily made. The bits are seldom dressed back in resharpening to 
more than one-third of their original length before they are discarded, 
or a new piece of steel is welded on. The metal comprising the upper 
part of the bit is useful only in adding weight. 

Too little attention is given to the proper tempering of drilling bits 
for best results. The hardness of the rocks to be penetrated should 
always be considered in tempering the steel. The work of sharpening and 
tempering the bits is often entrusted to the driller and his “tool dresser,” 
who are frequently not sufficiently skilled in the art of tempering and 
heat treatment of steel for best results. Furthermore, the equipment 
provided at the rig for this work is often inadequate. A better practice 
would seem to be to send the tools to a well-equipped forge shop where 
they may receive the attention of a skilled tool sharpener. 

Difficulty is experienced, especially with the larger sizes of bits, in 
cracking or breaking of the metal, particularly at the corners and through 
the thinner metal s('parating the water courses. “ This is usually a result 
of either uneven heating or of using too hard a tc^mper. Large bits should 
be heated in a very slow fire and frequently turned, special care bein^; 
taken to avoid overheating of the corners, edges and thinner portions. 
The metal should be tempered to a straw color on the cutting edge, plunged 
and allowed to cool slowly with the cutting edge immersed in 1 in. of 
water or mud. Bits dressed with an uneven cutting edge frequently 
break at the pins, or in some cases at the wrench squares. 

The tooLjoints, used in connecting the several parts of the string of 
cable drilling tools, arc equipped with taper screw threads in order to facili- 
•tate coupling and uncoupling of the parts (see Fig. 47). They are made 
of soft anneale d sto(4 and are provided with shoulders about 1 in. wide 
between the threads and the outer circumference of the box. When the 
shoulders on the two parts of the joint butt together, the friction 
developed prevents unscrewing as a result of vibration in the well. 
When the joints are in good condition they can be screwed by hand 
until they come within about shouldering, after which a wrench 

operated by a powerful circle jack bolted to the derrick floor must be 
applied (see Fig. 49). When the joints are new they should be set up 
by the jack and unscrewed several times before being put into use. 
They should always be thoroughly clean, free from grease and rust, and the 
shoulders should be smooth so that they butt properly together. 
When the threads become cupped as a result of excessive strain put 
upon them, they should be sent to the shop for rethreading. 
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For the larger sizes of tools, the joints are usually 4 in. in diameter 
at the base, and taper to 3 in. at the top. They are cut with 7 threads to 
the inch, and are known as 3 by 4 in.-7 joints. The threads may be 
sharp 60°-V threads or they may be flattened as in the U. S. Standard 
thread. The outer diameter of the metal “box” is usually 6 in. Other 



commonly used sizes of tool joints are 4 by o in. 7, 2^4 by 3^4 in. 7, 
2 by 3 in.— 7 and 1 % by 2% in.— 8. The size of the pins must be 
proportioned to the size and weight of the tools, otherwise the string 
of tools is apt to pull apart at a tool joint (“jump a pin”) during 
operation in the well. For heavy work in north central Texas it is 
customary to use a 5>^-in. by 30-ft. auger stem equipped with a 4- by 
5-in. box and a Sj-i- by pin. The drilling jars used are 6^ in. 

and are equipped with a 3^- by 4^-in. box and pin.‘‘ In 1922 the 
American Petroleum Institute adopted the “I and H” joint as standard 
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for all cable tool joints, except that in California the “H and T*’ joint 
may be used until the change can be gradually brought about. 

The drill stem, or auger stem, as it is occasionally called, is a cylin- 
drical bar of mild steel or iron equipped with a tool joint and’ wrench 
squares at either end. The function of the stern is merely to add weight 
to the drilling bit. The size varies with the diameter of the hole to be 
drilled, ranging from 2 }^ to 6 in. in diameter and from 6 to 42 ft. in length. 

The drilling jars resemble two great links of a chain, and are carefully 
made to slide or telescope on each other (see Fig. 50). The two links are 
of massive construction, reinforced at the ends where they engage each 
other, and provided with tool joints at the outer ends. They are of such 
length that they may telescope for a distance of about 16 in., though 
“fishing jars ” of similar design may have a stroke of as much as 36 in. 

The purpose of the jars is to enable the driller to strike a sharp upward 
blow on the drilling bit, which is frequently necessary in freeing it from 
clay or shale in which it tends to stick. By adjusting the stroke and 
the position of the tools in the well, the jars may be allowed to telescope 
for from 6 to 12 in. on each down stroke. On the up stroke the upper 
link gathers momentum before it engages the lower, and the tools are 
suddenly jerked from the sticky material which tends to hold them. In 
other cases the bit may become wedged in the hole or caving of the walls 
may necessitate the application of a succession of upward blows before 
the tools can be freed. The jars are often able to loosen the tools when a 
direct pull on the drilling cable would be quite ineffective. The jars are 
not brought into play or can be omitted from the string of tools when drill- 
ing in hard rocks. 

The sinker bar is similar to the drill stem in form, except that it .is 
shorter. It is used merely to add mass to the weight of the upper link 
of the jars, thus making the latter more effective in freeing the tools on 
the up stioke. 

The rope socket, which serves to connect the string of tools with the 
drilling cable, may be one of several types. Those intended for use 
with hemp cable necessarily differ in form from those used on steel wire 
cable. The form of the socket should be such that the cable is not sub- 
jected to any sharp bends on which it is likely to break, and it should 
provide a positive grip, strong enough to resist any pull short of that 
necessary to break the cable. In addition, it must be substantial to 
withstand the wear and abrasion to which it is subjected, and it should 
provide a means of conveniently connecting with the drilling tools. 

For hemp drilling cables, the New Era socket and the wing socket with 
rivet fastenings have been widely used (see Fig. 51). In the case of 
wire rope the strands are usually unwound or loosened slightly at the 
ends and babbitted in a conical recess provided in the socket. The Bab- 
cock socket is the best known example of this type. In the Prosser 
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socket the cable is held by a pair 'of cone-shaped slips with serrate 
teeth which grip It securely when they are drawn up into position. 
Some dnllers consider it an advantage to be able to rotate the drilling 



Fic3. 51. ---Types of rope sockets. 


A, New Era socket; B, wing socket D, Union rope socket, C, ratchet type and E, roller-ratchet type: 
Prosser socket; O, types of substitutes; H, double swivel sodket; /, Babcock socket; and J Babrnnlr 
manila rope socket. ’ 


tools, with the thought that this procedure prevents them from striking 
repeatedly in the same place, thus avoiding a “flat” hole. While the 
necessity for this rotation of the tools is doubtful, since they naturally 
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turn in the hole as the tension in the long cable is alternately applied and 
withdrawn, some manufacturers have catered to this whim of the driller 
in the design of ratchet rope sockets which permit of the lower half of the 

socket turning with respect to the 
upper half. The Union roller ratchet 
socket is an example of this type. 

A variety of forms of ''substitutes ” 
for connecting the rope socket with 
tubing or with the many types of fish- 
ing tools are available; as well as rope 
clamps, clips and thimbles used in 
forming and supporting loops made in 
the end of a cable. 

The temper screw is the device by 
means of which the drilling cable and 
tools are suspended from the walking 
beam, and with the aid of which the 
tools are gradually lowered so that 
they continue to strike the bottom of 
the hole as it is deepened. Fig. 52 
shows that it consists of several parts. 
A substantial metal frame, suspended 
by a T-bar at its upper end from a 
slot in the " nose of the walking beam 
overhanging the well, supports a split 
nut between the two reins at the 
bottom. The two halves of this nut 
spring slightly apart with the reins 
in their normal position, but by means 
of a small elliptical clamp they can 
be brought together so that their 
threads engage those of the screw. The screw is from 5 to 8 ft. in 
length, 2 in. in diameter and cut with a coarse square thread. Attached 
to the lower end of the screw is a handle by means of which it can be 
revolved, and a pair of links supporting a clamp which grips the 
drilling cable. The links pass through holes in a short metal cross-bar 
or swivel, resting on a shoulder cut on the end of the screw. Frequently, 
cone or ball bearings will be placed between the cross-bar and the sup- 
porting shoulder, so that the screw may be revolved freely without turning 
the links or rope clamps. 

The form of the rope clamps will vary with the kind of drilling cable 
used. They must be of such shape that they will not damage the drilling 
cable, and yet they must apply sufficient pressure to prevent it from 
slipping through. When a manila drilling cable is used, it is custom- 
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Fig. 52. — Temper screw {A) with 
drillinR cable clamps for steel wire 
cable (B) and for manila cable (Q. 
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ary to wrap loose strands of old rope about it at the point where it is 
gripped by the metal clamps. This additional material is so adjusted 
that it forms a wedge in the upper part of the conical opening in the clamp. 
For steel drilling cables the clamps consist of two bars of steel with 
grooves cut through the center to fit the size of the cable being used. 

By turning the handle in the lower end of the screw, the latter can be 
advanced through the split nut until the full length of the screw has 
passed through. In order to take a new grip on the cable so that drilling 
can be continued, the weight of the drilling cable and tools must be trans- 
ferred from the beam to the crown block, and the temper screw loosened 
on the cable. By loosening the clamp which holds the two halves of the 
split nut together, the reins spring apart, releasing the nut from the 
screw which can then be lifted to the top of the frame. The two halves 
of the nut are then again clamped about the screw, the lower clamps are 
attached to the drilling cable, the weight of the tools is transferred back 
to the beam and drilling is resumed. 

The weight of the temper screw and all its parts will aggregate from 
300 to 500 lb., depending upon the length of the screw and the depth of 
well for which it is intended to serve. To aid in lifting the screw in the 
frame, it is usual to attach a rope to its upper end, passing up over the 
top of the beam and thence down to a balance weight at thi' side of 
the Samson post. 

' The Circle Jack, by nu'ans of which the several i)arts forming the 
string of cable tools an' screwc'd together, consists of a semi-circular 
toothed rack which is fastened tothi* derrick floor around the mouth of the 
well (see Fig. 49). At one end of the toothed rack a large wrench is held 
in a stationary position. A second wrench is attached to a travekr 
containing a ratchc't operating on the toothc^d rack. As the handle is 
moved backward and forward, the ratchet moves forward one tooth on 
the rack for each stroke of the handle, thus advancing the movable 
wrench. In applying the circle jack th(i tool forming the lower portion of 
the tool joint is lowered into the well until the wrench square is just 
level with the derrick floor, and is gripped by the stixtionary wrench. 
The wrench square on the upper portion of the joint is then gripped by 
the movable wrench and the traveler is advanced on the rack until the 
joint is tight. The joints are generally screwed together as far as is 
possible by hand, before being lowered into the well and tightened by 
the circle jack. ' 

Under -reamers. — It frequently happens, especially in drilling through 
hard rocks, that the drilling tools do not*maintain sufficicnf clearance 
to permit of free passage of the casing. In such a case an under-reamer 
may be lowered to the tight place and manipulated in such a way as to 
enlarge that particular section to the necessary diameter. Under- 
reamers also find application in reaming out holes at points where free 
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space about the casing is desired for the introduction of cement in exclud- 
ing water. 

A number of different forms of under-reamers have been designed, and 
are available from the tool supply companies. Of the various types on 
the market the Wilson and Swan patterns are perhaps best known (see 
Fig. 53). 



A B 


Fig. 53. — Types of under-reamers. 

A, "Ideal” under-rcamer, Wilson type; B, Swan undcr-rcatner. 

The under-reamer is equipped with two lugs having specially formed 
and hardened cutting edges, mounted in the body of the tool in such a way 
that they expand outward under the influence of a powerful spring. 
The lugs are held in the collapsed position by a wire or light metal ring, 
while the tool is being lowered through the well casing, but on emerging 
from the casing shoe they arc forced outward into working position by 
the spring. With lugs fully expanded some under-reamers are capable 
of drilling a hole 3 in. larger in diameter than that of the casing through 
which they pass. 

The under-reamer is churned up and down in the same manner as the 
ordinary drilling bit, gradually enlarging the hole to the limit of expansion 
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of the lugs. On withdrawing the uhder-reamer from the well, the lugs 
are compressed into the body of the tool against the pressure of the spring, 
as they enter the casing shoe. The moderate side pressure of the lugs 
against the inner walls of the casing introduces slight resistance to with- 
drawal of the tool. 

In operation, the brunt of the contact with the rock walls of the well 
falls directly upon the cutting edges of the lugs, which are consequently 
rapidly dulled. Care should be taken in dressing the lugs to give them 
a hard temper in order that they may better resist abrasion. If the steel * 
is too hard, however, the edges become brittle so that they break in 
service. Some operators find that a little hard cast iron melted on the 
cutting edges of the lugs with an oxyacetylene torch, greatly increases 
their useful life. Under-reamer lugs are frequently made of chrome or 
manganese steel which are tougher and more resistant to abrasion than 
ordinary tool steel. The lugs are forged on special anvils or dressing 
blocks, recessed to conform with their peculiar shape. 

Bailers, used in removing from the well the pulverized rock loosened 
by the bit during the process of drilling, are constructed of a pipe of suitable 
size in the lower end of which is fastened a reinforcing shoe and valve. 
At the upper end a bail is provided for attaching the sand line. Short 
bailers may be used when the well is shallow and large in diameter, but 
for great depths, and where the diameter of the well is small, the length 
must be increased to as much as 20 or 30 ft., occasionally even 40 ft., in 
order to handle a greater quantity of material with each trip of the bailer 
to the bottom. 

Bailer valves are of two types. The disc valve is hinged at one side, 
opening upward (see Fig. 54). The dart valve is spherical or ovoidal in 
form and has attached to it, on its lower side, a metal stem or dart which 
passes through the circular valve seat and projects beyond the lower end 
of the supporting shoe. In the case of cither type of valve,, upward 
pressure of the well fluid on the descending bailer raises the valve so that . 
the fluid passes through until it rests upon the bottom of the well. The 
bailer is then raised and dropped a few feet (^'spudded'’)) the process 
being repeated several times in order to force as much as possible of the 
sand and clay through the valve. On hoisting the bailor, downward 
pressure at once closes the valve so that even though the top is open, no 
fluid is displaced. On emerging from the well, the bailer is dumped — 
in the case of a bailer equipped with a dart valve, by dowering it into a 
wooden trough, the upward pressure of the trough bottom on the dart 
lifting the valve from its seat, thus permitting the contents of the bailer 
to flow out. In dumping a bailer equipped with a disc valve, it is 
lowered over an upright metal pin mounted in the trough, which lifts 
the valve on its hinge. 
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The main body of the bailer is often made of well casing 2 or 3 in. 
smaller in diameter than the casing through which it must operate. 
Occasionally a spirally riveted sheet metal pipe will be used for light 
service. If a long bailer is needed and more than one joint of pipe must 
be used, two or more sections may be connected, end to end, with swedged 
or flush-riveted joints. The bail and reinforcing shoe are also riveted in 
position on the ends of the pipe. The reinforcing shoe is of cast steel 
and is provided to prevent wear and distortion of the lower end of the 
bailer, which is subjected to considerable abrasion during the process 
of lowering and spudding it in the well. 



Fig. 54. — Types of bnilers. 

A, dart valve bailer, B, di&c valve; C, dart valve; D, disc valve bailer and E, combination bit and 
mud socket. 

Sand Pumps. — If the fragments of rock loosened by the drill are 
coarse, they settle rapidly to the bottom and it will be difficult to get 
them into the ordinary type of bailer. For such conditions it is customary 
to make use of a ^^saiid pump,” which is similar to an ordinary bailer in 
general construction and form except that it is provided with a piston or 
plunger which can be moved up and down in the cylindrical shell to 
create suction helpful in drawing coarse material past the valve. In one 
type of sand pump the sand line is attached to the top of a plunger 
rod instead of to the bail. A slot in this rod, straddling the bail, permits 
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of the piston being raised a number of feet as the sand line is hoisted, 
before the plunger engages the bail and lifts the main body of the pump. 

Mud Sockets. — When soft clay or mud must be penetrated by the 
well, or when such materials have had time to settle into a solid mass in 
the bottom of the well, the bailer is not always efTcctive in removing them. 
They can be easily penetrated by the drill, but settle rapidly before the 
tools can be withdrawn and the bailer lowered. In such cases a ^‘mud 
socket” (see Fig. 54) may be substituted for the drilling bit on the bottom 
of the string of cable tools. This device consists of a heavy metal tube 
equipped with a beveled reinforcing shoe and inclined disc valve within 
the lower end. It is (diurned up and down within the well until full 
of mud or clay, when it is withdrawn for cleaning. For work in very 
stiff muds or clays the socket is sometimes also provided with a sharp 
chisel-edged bit attachcid to the shoe in such a way that it does not inter- 
fere with the passage of material through the valve. 



{After W H Jt {Tery, nuth mhl^Luma) 
Fkj. r)."). Ilhi.stnitinK nicUMMl of spudcliiiK. 


DRILLING WITH THE CABLE TOOLS 

Spudding. — Since the complete string of cable tools is 40 ft. long or 
more, there is not sufficient head room to condiuit drilling operations 
with the aid of th(! walking beam until a depth of at least GO ft. is attained. 
The first GO ft. — frequently several hundnul feet — of the well is therefore 
drilled by a process known as “spudding,” which does not involve the use 
of the beam. A special spudding bit is used which is shorter than the 
usual pattern, and a short stem without jats. The drilling bit is lowered 
to the bottom of the cellar inside of the conductor, a little slack is allowed 
in the cable, and the bull wheels are securely locked with the brake. A 
spudding shoe is then placed on the drilling cable a short distance above 
the bull wheel shaft, and a jerk line connecting with the wristpin on the 
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crank is attached to the clevis of Ihe shoe (see Fig. 55). With each 
revolution of the crankshaft, the tools are lifted a short distance and 
dropped on bottom. By occasionally releasing the bull wheel brake 
and letting out more of the drilling cable, the tools may be kept striking 
on bottom. Progress is often slow by this method, but deficiencies of 
the method are usually offset to some extent by the soft character of the 
surface strata. Operation of the drilling tools must, of course, be 
occasionally interrupted to bail out the material loosened by the drill. 
It is preferable to use a manila drilling cable during the spudding process, 
since the action with a steel cable is somewhat detrimental to the rig, 
particularly if the rig is a light one. 

^‘Hitching On.” — When sufficient depth has been attained to permit 
of operating the full string of tools with the walking beam, the spudding 
equipment is removed, the temper screw is adjusted in position on the 
end of the beam and the complete string of tools with a regular pattern 
drilling bit is assembled. Care is taken, as the tools are lowered past the 
derrick floor, to set up each tool joint with the circle jack to make certain 
that all are tight. The tools are lowered by partially releasing the bull 
wheel brake until bottom is reached. When lowering the tools into the 
well, the driller applies the bull wheel brake at intervals of a few feet 
when nearing the bottom in order to stop the descent just as the tools 
reach bottom on the full stretch of the cable. In drilling, the tools 
should strike bottom while the cable is extended to the limit of its elastic- 
ity, thus insuring the maximum rebound. This elastic rebound probably 
increases the effective stroke of the tools by several feet under favorable 
conditions, and is also effective in promptly freeing the bit from clay or 
loose material in the bottom of the hole, and in keeping the cuttings in 
suspension in the well fluid. 

With the tools suspended from the crown pulley in the proper posi- 
tion, as determined by springing the line as described above, the 
engine end of the walking beam is raised and the pittman attached to the 
crank, with the wristpin in the third or fourth hole and with the crank 
at the top of its arc. With the temper screw gripped in the highest 
position in its frame, the temper screw clamps are then firmly attached to 
the drilling cable, the bull wheel brake is released and sufficient slack cable 
is pulled over the crown pulley to prevent jerking of the cable above the 
walking beam as the latter oscillates. The weight of the tools is thus 
transferred from the crown pulley to the walking beam, and as soon as 
the engine has been centered, all is in readiness for drilling. 

The Mechanics of Drilling with the Cable Tools. — The engine is started, and a 
the beam oscillates, the driller, with his hand on the drilling cable, notes the vibra- 
tion or ''jar” which, to the skilled observer, indicates the manner in which the tools 
are operating. Slight adjustments in the position of the temper screw or in the 
speed of the engine are made, until the tools are striking with the maximum force 
on the bottom of the hole. 
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Satisfactory progress depends to a lift'ge extent upon the ability of the driller 
to interpret the vibrations that come to him through the drilling cable. The novice 
sometimes ‘^loses the jar** and works for hours without making any progress. The 
tools may be standing on bottom while he is playing with the slack in the cable, or 
they may be swinging several feet off bottom. The skilled driller will know as 
soon as his hand touches the drilling cable whether the drill is working properly or 
not.‘* 

The jar which the driller feels in the cable is the result of alternate release and 
application of tension in the drilling cable as the beam rises and falls. Because of 
the elasticity of the cable, it is probable that the beam is already returning on the ^ 
up stroke as the tools strike bottom, the result being a distinct jar in the cable as the 
tools rebound, usually of sufficient intensity to cause vibration of the rig. In addition 
to the jar, to the sensitive hand of the driller on the cable there is a perceptible ‘‘reach*' 
and “lift** of the cable as tension is applied and released. ' As explained above, the 
tools strike bottom with the cable under tension, the amount of tension depending 
upon the elasticity of the cable and the extent to which the tools have to reach for 
bottom. When the tools strike and rebound, the same elasticity causes a contraction 
of the line, giving the sensation of lift. The action of the tools may be compared 
with the bounding movement of a small weight churning up and down while suspended 
on the end of a rubber band. The tools reach down on the stretch of the line and 
strike a springing blow, rebounding rapidly. As the tools begin to reach for bottom 
and the “jar works off,** the driller “tempers the jar'* by lowering the tools with 
the temper screw.® 

The speed of the engine and length of stroke of the beam have much to do with 
the action of the tools. As the well attains greater depth, it is necessary to lengthen 
the stroke by moving the wristpin further from the center of rotation of the crank. 
For a given length of cable and of stroke, there is a certain periodicity which deter- 
mines the speed at which the engine should operate. Overspeeding of the engine 
will result in jerking the tools upward before they strike, subjecting the cable and 
tools to a destructive strain which often causes breakage of the jars or parting of the 
drilling cable. Such action of the tools also induces a jerky motion in the engine, 
until it becomes unmanageable. Catching the tools in this way is one of the com- 
mon difficulties of the unskilled driller. Too slow a motion, on the other hand, will 
greatly reduce the force of the blow struck by the tools. 

Power control becomes increasingly difficult as greater depths are attained. This 
is a direct result of the greater weight of cable to be lifted and the greater elasticity 
of the longer cable. This loss of effectiveness of the engine is offset to some extent^ 
by lengthening the stroke, or by use of the engine balances on the rim of the flywheel. 
With an ordinary drilling engine, great skill in steam control is necessary to operate 
the tools effectively at depths in excess of 2,000 or 2,500 ft. without the use of engine 
balances. Satisfactory operation of the engine requires a slightly greater speed on 
the down stroke of the tools than on the up stroke. This results naturally from the 
alternate release and application of the load on the engine. When balances are 
used on the engine flywheel, however, a more uniform speed results, which to some 
extent retards the drop of the tools and compels a slower motion. Hence the use 
of the engine balances should be avoided until made necessary by the jerky action 
of the engine.® 

The action of the tools will vary with the land of cable used. Hemp cable has 
greater elasticity than steel, and will reach for and strike bottom long after the steel 
cable under similar conditions will have ceased to strike. The steel cable, when 
unduly stretched, will often “peg-leg,** that is, the tools will alternately strike bottom 
and miss. Hemp cable has more lift than steel, a characteristic which, as we have 
seen, depends upon the elasticity of the cable. Both lift and peg-legging are to a 
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great extent dependent upon depth. TBe remedy is an extension of the temper 
screw. The action of the tools will also vary somewhat with the amount of water 
in the hole. Water, of course, retards or dampens the motion of the tools, its effect 
being particularly noticeable in drilling “wet” holes with hemp cable of large diam- 
eter. Drilling with the hemp cable requires greater skill on the part of the driller 
than when steel cable is used. 

Opportunity was afforded for observing the effect of elasticity in the drilling cable 
in one instance where a churn drill hole intersected underground mine workings at a 
depth of 500 ft. A hemp cable was used with a 36-in. stroke at the walking beam, but 
at a depth of 500 ft. the actual length of stroke of the tools Avas in excess of 8 ft. 
The elastic rebound of the tools also varies markedly with the character of the rock in 
which the bit is working, being appreciably greater in hard rocks than in semi-plastic 
clays and shales. Because of the reach of the cable in drilling, it is probable that 
in most cases the hole is actually several feet deeper than the normal length of the 
drilling cable and tools. 

With some types of rocks, best results arc obtained by operating the tools “tight 
hitched,” that is, allowing them to strike only on the cxtreirje elastic stretch of the 
cable. In other cases, “loose hitching” gives best results. The tools should always 
be tight hitched when drilling through hard, steeply inclined strata, because of the 
tendency of the bit to follow the dip of the strata, thus drilling a crooked hole. 

The impact of the heavy cable tools on the bottom of tlu* w^ell when the tools are 
dropping freely, is enormous. Let us assume that a 10-in. hole is being drilled. The 
weight of the tools will probably aggregate about 3,600 lb. for this size of hole. 
The length of stroke or sweep of the walking beam will be, say, 3 ft. Add to this the 
stretch or spring in 2,000 or 3,000 ft. of drilling cable, and we have a total drop for the 
tools of perhaps 5 or 6 ft. Multiplying the lower figure by the weight of the drilling 
tools (3,600 lb.), wo obtain 18,000 ft.-lb. of work exerted on the formation at each stroke. 
When it is considered that this impact is repeated at the rate of perhaps 30 strokes 
per minute, on an area of not more than three-tenths of a square foot (approximate 
area of the end of a 10-in. bit), it is apparent that we have to deal with a crushing force 
of considerable magnitude. 

Because of the shape of the end of the bit, and the absence of a sharp cutting 
edge, it is probable that there is comparatively little actual chipping or cutting of 
the rock, but rather a crushing action which breaks down the rock mass into small 
fragments. The shape of the disintegrated material will vary with the nature of the 
rock, being granular in the case of sandstones and amorphous rocks, and platy in 
.the case of thin laminated strata and in rocks possessing well-developed cleavage. 
The material brought to the surface in the bailer is generally hnely pulverized by 
repeated pounding of the bit on the larger fragments after they arc detached from the 
main rock mass. The walls of the well are probably left rather rough as a result of 
the action of the bit, and the material in the walls will be badly fractured except in the 
case of very hard, tough rocks. Because of this, in soft formations the walls tend to 
cave. The walls are sustained to some extent, however, by the action of clay which 
accumulates from the sludge between the rough projections on the walls, plastering 
over the fractures and preventing further disintegration to some extent. 

Drilling with the Jars. — In drilling through beds of sticky clay or in caving forma- 
tions, it is often necessary to bring the jars in1x> play in order to effect release of the 
bit on the up stroke of the tools. t)rilling jars are attached above the stem and usu- 
ally have a stroke varying from 43^2 to 12 in. In drilling, the jars are only permitted 
telescope for a part of their maximum stroke, say, for 4 or 6 in. » This displacement 
permits the upper link to gain considerable momentum on the up stroke before picking 
up the bit and stem. Such action provides the necessary sudden upward jerk to free 
the bit from sticky material in the bottom. A skillful driller never allows the jars 
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to strike on the down stroke except in certain fishing operations when a jar-down 
effect is desired. 

Rotating the Tools. — In certain kinds of rock, the cable tools have a tendency to 
drill a flat hole; that is, the well becomes elliptical in cross-section. This can only 
result from the bit striking repeatedly in one position. Since the bit is wider than it 
is thick, such action is inevitable unless the bit revolves as it operates. Formerly, 
drillers considered it necessary to twist the cable slowly at the temper screw as the 
tools churned up and down in the well, but the efficacy of this practice is questionable 
in view of the great length of cable that often exists between the temper screw and the 
tools. Many drillers insist on the use of a ratchet or swivel type of rope socket, which 
is supposed to permit of easier rotation of the tools and permits twists in the drilling 
cable to readjust themselves independently of the tools. A recent innovation is the 
use of the spiral-winged drill stem to aid in securing positive rotation of the tools as 
they rise and fall through the well fluid. It seems reasonable to expect that the spin- 
ning of the tools induced by alternate application and release of tension in the cable 
would be sufficient to prevent the tools from striking repeatedly in the same position, 
except, perhaps, at very shallow depths. If the tools fail to rotate, it is probably due 
in most cases to loose material accumulating on the bit or on two oi)p 08 ite sides of the 
hole, and more frequent bailing or a more rapid motion of the tools should remedy 
the matter. 

Flat holes are particularly likely to occur when drilling through water sands. 
“Tight” holes, which result from loss of gage by wear on the sides and comers of the 
bit, are also characteristic of such material, and for this reason water sands are 
generally under-reamed. The Vjits should be fre(iucntly redressed if proper clearance 
for the casing is to be maintained. 

Bailing. — Continued operation of the drilling tools results in accumulation of cut- 
tjngs in the bottom of the well, which w ill eventually so restrict the motion of the tools 
that little or no progress is made. Su(;h a condition requires removal of the drilling 
tools and operation of the bailer. 

To “draw out the tools,” the bull wheels are first revolved by hand until the slack 
cable over tlie crowm pulley has been wound on the bull wheel shaft. The bull ropes are 
then thrown on, causing the wheels to revolve under the influence of the power, and 
hoisting the tools in the well until the load is transferred from the temper screw to 
the crown pulley. The driller then promptly throws off the bull ropes and clamps the 
bull wheel brake while his helper stops the engine. While this is being accomplished, 
both the walking beam and the bull wdieels arc in motion, aiid unless tlie power is 
disengaged at the proper time, damage to the rig will result. , 

The temper screw clamps are then removed from the drilling cable, and the 
pittman is taken off the wristpin and lowered to the plank walk. This elevates the 
end of the beam overhanging the well and places it out of the way of the drilling 
tools and bailer as they arc run into and out of the well. The bull ropes are now 
again placed in position on the bull wheels and powxr is applied, raising the tools 
until they emerge above the derrick floor; the bull ropes are then thrown off and the 
tools are caught and suspended above the well by clamping the bull wheel brake 
until they can be swung over into one corner of the derrick. , 

Manipulation of the sand reel reach draws the friction pulley forward against 
the face of the band wheel, thus causing the sand reel to revolve, and lifting the bailer 
until it swings freely above the derrick floor, fteversing the position of the reach 
causes the friction pulley to bear against its brake post so that the bailer can be held 
suspended in any desired position. The lower end of the bailer is guided into the well, 
the brake is released and the bailer is allowed to descend rapidly, braking occasionally, 
until bottom is approached, when the descent is brought under close control by 
further application of the brake. 
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The bailer is raised a few feet and lowered to bottom several times to make certain 
that coarse material accumulated near the bottom has had ample opportunity to 
pass the bailer valve. It is then withdrawn as rapidly as possible, by bringing the 
sand reel friction pulley to bear against the face of the revolving band wheel. On 
reaching the surface, the bailer is suspended with the lower end a little above the 
derrick floor, by shutting off the power and applying the brake. The loaded bailer 
is then swung to one side from its position over the well and lowered (by partially 
releasing the brake) through a hole in the derrick floor into a wooden trough placed 
immediately beneath. As the bailer valve is raised by downward pressure of the 
dart on the bottom of the trough (or by a metal rod mounted vertically in the trough 
in the case of a disc valve bailer), the contents of the bailer flows out and may be 
inspected to determine the nature of the material. The power is then applied, rais- 



Fig. 66. — Derrick crane (^) and Bwivel wrench {B) for supporting drilling bit (C). 


ing the bailer until it clears the derrick floor, when it may be swung over into one 
corner of the derrick and held out of the way by a metal hook or rope sling, or it may 
•be lowered into the well for another load of sludge. Usually several trips to bottom 
with the bailer will be necessary before the well will be sufficiently cleared to resume 
drilling operations. The process of lowering the tools and attaching the temper 
screw as described above, must then be repeated. 

Replacing a Worn Bit. — Continued use dulls the cutting edge and corners of the 
bit and reduces its gage so that it no longer drills a hole of the desired diameter. It 
must therefore be occasionally replaced with a properly dressed and gaged bit. When 
slow progress warns that the bit has become dull, the tools are drawn out as described 
above under “Bailing.” As the tool joint between the drill stem and the bit emerges 
from the well above the derrick floor, the power is shut off and the tools held sus- 
pended (with the bit in the well) clamping the bull wheel brake. The tool joint 
is loosened by application of the circle jack and the power again applied until the bit 
swings free above the derrick floor. The bit is then unscrewed from the stem, with 
the aid of hand wrenches if necessary, and a fresh bit is screwed to the stem in its 
place. The heavy bits are conveniently supported before attaching to and after 
disengaging from the stem, by means of a ‘swivel wrench hung horizontaUy, 
suspended on chain blocks from a derrick crane (see Fig. 56). Such a crane can be 
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swung to any desired position over a radilis of 10 ft. from the post in one comer of 
the derrick to which it is attached. The wrench, supported on its chain hoist is sus- 
pended from a small 2-whee]6d trolley which may be moved to any desired position 
along the horizontal beam of the crane. On lowering the sharpened bit into the well, 
the tool j6int connecting it with the stem is '^set up*' with the aid of the circle jack. 

The Routine of Drilling with the Cable Tools. — Unless some accident 
occurs to interfere with the operation of the tools, the routine of the work 
becomes rather monotonous. The equipment is usually operated day 
and night, with either 2 or 3 crews of men working 12 or 8 hr. respectively. • 
Each crew consists of two men, the driller, who is in responsible charge 
of the work, and his helper or tool dresser. The work is divided into 
alternate periods of drilling and bailing, with occasional interruptions 
to insert casing (see Chap. VII). 

The frequency of bailing depends upon the nature of the material in 
which the drill is working. Frequency of bailing also depends upon 
the rate of progress and the extent to which the material loosened by the 
bit remains in suspension in the well fluid. Certain kinds of clays and 
soft clay shales require frequent bailing, perhaps for every 2 or 3 ft. of 
progress. In hard rocks on the other hand, the hole may be advanced for 
several lengths of the temper screw without necessity for bailing. 

If it is unnecessary to bail when the full length of the temper screw 
has been let out, the engine is stopped and the weight of the tools is 
transferred to the crown blocks (as described under “Bailing^Oi while 
the temper screw clamps are loosened from the cable and the screw is 
raised for a new grip on the cable. The clamps are then attached in the 
new position, the weight is transferred back to the beam (as described 
under ‘^Hitching On”) and drilling is resumed. The temper screw can 
ordinarily be extended about 5 or 6 ft., so that the procedure outlined 
for taking a new hold on the cable need only be repeated at this interval. 

Unless water enters the well from the formations penetrated, sufficient 
must be poured in at the surface to form a thin sludge with the material , 
loosened by the drill. Practice differs in the depth of fluid maintained 
in the well. In dry-hole drilling, as commonly practiced in the fields of the 
eastern United States and in some of the mid-continent, Texas and Rocky 
Mountain fields, only sufficient water is used to keep the drill cuttings 
from clogging the bit ; but in some of the California fields the hole will be 
maintained full or nearly full of water, to aid in preventing the walls 
from caving. Dry-hole drilling is preferable since tho' tools develop their 
maximum efficiency when movement is not impaired by friction of the 
drilling cable on a long column of water, •and by the bouyant effect on 
the tools; but where the walls have a tendency to cave, or where heaving ” 
formations are to be penetrated, the pressure of a long column of water is 
of considerable assistance. Long strings of heavy casing may also be 
more readily handled in a hole full of water. 
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The Speed of Drilling. — The number of strokes per minute at which 
the drill can be operated will depend upon the depth of the well, the 
diameter, the depth of fluid in it and the nature of the material in which 
the bit is working. Generally speaking, greater depth, smaller diameter, 
greater depth of fluid and soft material necessitate a slower motion. 
The number of strokes per minute will ordinarily range between 20 
and 40. 

The rate of progress in cable drilling will vary within wide limits. 
Varying character of the formations penetrated, the depth of the well, its 



Dcpll) uf Well in Kcet 

{After M L. Requa, vnth additions). 

Fia. 57. — Graphs showing average rate of progress in eable and rotary drilling, California 
. fields. 

diameter and time lost in inserting casing and cement and in fishing 
operations, are important variables that influence the rate of progress. 
In soft rocks at shallow depths, under favorable conditions, an advance of 
100 ft. or more may be made in a 24-hr. day. In a hard layer of shell” 
(any hard rock), 5 ft. of hole may represent a good day's work. The rate 
of progress also depends largely upon whether or not the walls stand 
without caving and whether the material penetrated tends to heave or 
flow into the well. The depth of the well influences the rate of progress 
in two ways : the tools do not Work as satisfactorily and must be operated 
at a slower speed, and more time is consumed in drawing out and lowering 
the tools and bailer. The tools do not drop as freely in a hole of small 
diameter, particularly if it is filled with water. Hence a slower drilling 
speed must be adopted and progress is slower. Any interruption in the 
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usual routine of drilling of course greatly influences the average footage 
drilled per day. Casing may have to be under-reamed or driven past 
tight places in the hole. Breakage of the tools or parting and collapsing 
of the casing may necessitate a '^fishing job"' of several days’ or even 
weeks’ duration, during which no increase in depth is attained. When 
cement is introduced into the well to exclude water, an interval of at 
least several days is allowed for the cement to set and harden before 
drilling is resumed. 

In the San Joaquin Valley fields of California, a region characterized 
by comparatively soft formations, up to moderate depths (say 1,500 ft.), 
progress will average about 30 ft. per day, with a maximum of 60 to 70 ft. 
and a minimum of 5 ft. At depths in excess of 3,000 ft. in the same region, 
15 ft. per day is a good average rate of progress, with about the same 
minimum and a maximum of, say, 30 or 40 ft. In a 1,350-ft. hole drilled 
in the black shales and lime of north central Texas — an unusually hard 
formation — progress averaged 27 ft. per day, a high average for this kind 
of rock. The graphs reproduced in Fig. 57 indicate average rates of drill- 
ing for both cable and rotary tools in the San Joaquin Valley region of 
California where both methods of drilling have been extensively used under 
conditions that permit of making close comparison of actual performance. 
It will be noted that the rotary tools make better progress except at very 
shallow depths. 

Identifying Formations and Gathering Log Data with the Cable Tool 
Equipment. — The cable tool driller is able to identify the kind of rock in 
which the drill is operating by the rate of progress, by the jar on the 
drilling cable and by the wear on the drilling tools.® Cuttings brought 
up by the bailer, when thoroughly washed to free them of mud, pro- 
vide a means of accurately identifying the nature and mineral content of 
the rock. Usually, too, a little of the material in the bottom clings to the 
drilling bit as it is withdrawn. Table XII indicates the mechairical reac- 
tions and character of the cuttings obtained from different types of* 
sedimentary rocks. The material brought up by the bailer is mostly 
mud, but by carefully stirring and washing a little of it in a bucket, the 
coarser material may be segregated and examined. 

Depth to bottom is determined at any time, cither by actual tape 
measurement, by measurement of the drilling cable or sand line or by 
Recording the length of casing in the well, if the casing extends to bottom. 
For shallow wells, a heavily weighted steel wire tape coiled on a reel 
mounted at one side of the well, may be lowered to bottom and the depth 
measured directly. In deep wells the magnetic drag of the tape on the 
casing is frequently so great that it is impossible to tell when the weight 
reaches bottom, or to feel the ‘^pick-up” as the weight is lifted off bottom. 
Measurement on the drilling cable or sand line is probably more accurate 
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Table XII. — Mechanical Reactions on Cable Tool Dkilling Equipment and 
Character op Cuttings Obtained prom Dipperent Types op Sedimentary 

Rocks* 


Field and 
formation 

Mechanical reactions 

Cuttings 

Effect on bit 

Southern Okla- 
homa: 




Shale 

Tools run smoothly and 
drill easily and fast in 
dry hole. 

Bailer material mostly 
mud; fragments in mud 
and occasionally on bit. 

Does not wear bit. 

Gumbo 

Drills roughly; tools jerk 
walking beam and do not 
drop freely. 

Bailer material mud; tools 
come out loaded with 
gumbo. 

Does not wear bit. 

Soft sand 

Drills fast and easily ; 
tools plunge. 

Sand in bailer; none on bit. 

No wear on bit, but mark- 
ings vertical. 

Sandstone 

Drills smoothly with oc- 
casional “kick back." 

Grains of sand and chunks 
of sandstone in bailer. 

Wears bit out of gage. 

Limestone 

Hard and slow drilling; 
big “kick back." 

Chips and irregular pieces, 
rock mostly pulverized. 

Wears bit, but does not 
cause to lose gage like 
sandstone 

Gypsum 

Drills smoothly and more 
easily than crystalline 
limestone, 

Mostly pulverized; occa- 
sional flakes. 

Does not wear bit exces- 
sively. 

Ranker field, 
Texas: 




White limestone 

Drills hard but free, with 
tight line. 

White and pulverized. 

Cuts bit badly — 3 bits per 
tour. 

Shale 

Drills fast and easily in 
dry hole. 

Chunks and fragments in 
bailer and small pieces 
stuck to bit. 

Does not cut bit. 

Black limestone 

Drills hard, with tight line 
through oil saver. 

Cuttings fine grained. 

Cuts bit a little. 

Wyoming field: 




Hard shell .... 

Drills clean with increased 
motion. 

Occasional fragments in 
bailer. 

Does not wear bit rapidly; 
cuts it vertically like sand. 

Limestone . . . 

Drills clean with increased 
motion. 

Cuttings fine grained and 
heavy. 

Does not wear bit badly. 

Shale, slutc, etc. 

Drills fast in dry hole, ex- 
cept when cavy. Slow 
motion. 

Fragments of material in 
bailer. 

Very little wear, but "dubs 
bit under." 

Sandstone .... 

Drills clean and free. 

Cuttings show as sand 
grains and fragments of 
cemented grains. 

Cuts bit badly, vertically. 


• After H. E. Collom in U S. Bureau of Mines, Bull. 201. 


if carefully done. For this purpose, 'the distance from the derrick floor 
over the crown and down to the upper flange of the sand reel, or to a 
point on the bull wheel shaft 5 ft. above the derrick floor, is carefully 
determined by tape measurement, and one or the other of these units is 
applied on the sand line or dv^illing cable respectively, as described on 
page 293. Measurements are made while drawing the bailer or tools out 
of the hole, care being taken to record bottom on the pick-up that is, just 
as the sand line or cable receives the full weight of the bailer or tools on 
leaving bottom. If depths are determined by the casing record, an 
accurate measurement of all casing in the hole must be kept, lengths 
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being measured from lop to top of collars after the joints are securely 
screwed together. 

The driller usually maintains a ''target or reference mark on the sand 
line or drilling cable, indicating the approximate depth to bottom, depths 
in excess of the reference mark being measured with the aid of a steel 
tape or a 5-ft. "stick” which is a part of the equipment of every cable 
drilling rig. Examination of well logs will show that many drillers do 
not attempt measurements within the 5-ft. length of the stick. Measure- 
ments involving lengths in excess of 100 or 200 ft. should not be attempted • 
with the stick because of the inaccuracies involved. Measurement with 
the steel tape is always preferable. Usually the driller knows the depth 
to bottom at the beginning of each "screw,” and when a change in forma- 
tion is noted by the action of the drilling cable he has only to measure the 
length of temper screw paid out to record the depth at which the new 
formation was encountered. 

PORTABLE AND SEMI-PORTABLE RIGS FOR CABLE DRILLING 

For prospecting work, and for drilling wells in shallow territory — even 
up to depths of 2,500 ft. — portable and semi-portable drilling machines 
are often used.^^ These are much lighter than the standard cable rig 
described in the foregoing pages, but operate on the same principle and 
often b}'' quite similar equipment. Instead of a derrick, these portable 
rigs arc generally equipped wiih a braced mast, and the machinery is 
mounted on a 4-wheelcd truck or on a light timber frame structure that 
can be readily moved about as a unit from one location to another and put 
in condition for active service within a few hours^ time. The trucks are 
sometimes of the self-tractor type so that they can be moved about under 
their own power. 

Each part of the standard cable rig has its counterpart in most of these 
portable rigs, often changed in form and size, however, to adapjt it to use 
in a smaller space and to render it more readily transportable. There is. 
necessarily some form of a walking beam or spudding device to impart the 
churning motion to the drilling cable. There must be two hoisting drums 
on which the drilling cable and sand line are wound, and there must be a 
source of power with means of distributing it to the different parts of the 
rig. Some of the heavier rigs are equipped with an additional drum for 
handling casing. Usually, however, the drilling cable is used for handling 
casing. A steam engine and boiler furnish the poT^^er in most cases, 
though occasionally a gasoline engine will be used. The latter type of 
engine is simpler as a power unit, and o(?bupics less space, but is not as 
well adapted to the work of drilling as the steam engine. The drilling 
tools and incidental equipment are quite similar to those used in connection 
with the stapdard cable outfit, except that they are usually smaller and 
lighter. 
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Probably the greatest difference be noted in the several types of 
portable and semi-portable rigs is found in the design of the mast. The 
mast serves the same purpose as the derrick, and must therefore provide 
a support at a suitable elevation for the sheaves used in changing the 
direction of the drilling cable, sand line and casing line. Two types of 
masts are in common use: first, the single-post mast, which consists of a 
single heavy timber mounted on end on the ground or on one end of the 
truck on which the machine is mounted; and second, the two-legged 
’ braced mast, built of metal channels latticed together, or of two heavy 
timbers, suitably braced by horizontal girts and mounted on the sides of 
the truck. In some cases the mast is entirely independent of the drilling 
mechanism. It is often built in sections to facilitate transportation, the 
sections being readily assembled and disassembled. The braced mast 
can be built of lighter material than a single-post mast of the same 
strength, and if properly designed should be more rigid. In either case 
the mast is slightly inclined from the vertical to bring the sheaves at the 
top clear of the supports, and must be braced with guy wires in several 
directions to near-by stakes driven in the ground. 

Of the many drilling machines in use, the Star and Columbia drilling machines 
are probably best known in the group of portable machines, while the National rig 
is the best known of the semi-portable type. A brief description of each of these 
machines will serve to acquaint the reader with the main features of portable and 
semi-portable drilling equipment. The reader is referred to the manufacturers^ 
catalogs for more detailed information on these and other machines. 

The Star portable drilling machine is made in a variety of sizes, all mounted on 
4-wheeled trucks, the heaviest model (No. 30) being rated by the manufacturers for 
drilling to depths as great as 4,000 ft. The heavier models are all equipped with 
vertical reversible steam engines and boilers, but several models equipped with 
gasoline engines are also available for drilling to depths of less than 1,000 ft. The 
latter are of the self-tractor type. 

The No. 30 Star machine (see Fig. 58) is equipped with a 60-ft., single-pole timber 
mast, sectipnalized to facilitate transportation, with additional shear poles provided 
.for bracing the mast when very heavy lifting is necessary, and 12 guy wires. Three 
pulleys are mounted on or near the upper end of the mast to support the drilling 
cable, sand line and calf line. A walking beam 22 ft. long is mounted on a slanting 
Samson post at one corner of the truck and heavily braced to one side. The 35-hp. 
steam engine is mounted at the same end, a belt connecting from its flywheel to a 
92-in. wooden band wheel, mounted on onenside of the truck and serving as a power 
distribution center for the entire machine. In the case of the No. 30 model, the 
boiler is mounted on a separate wlieeled truck, but in smaller sized machines it is 
carried on the end of the same truck that supports the drilling machinery. A crank 
mounted on the band wheel shaft operates the walking beam through a connecting 
wristpin and pittman. The 60-in. bull wheel or drum, supported at the center of 
the truck and driven by gearing freJm the band wlieel shaft, is equipped with a reel 
large enough to spool 2,500 ft. of 2}i-in. hemp cable, and with a heavy band brake. 
A sand reel driven by a belt from a countershaft, operated by a friction pulley bearing 
on the face of the band wheel, actuates the bailer. A calf wheel for handling casing 
is also built into the machine. This is operated by gearing from the band wheel shaft. 
Instead of suspending them from a temper screw on the end of the walking beam, the 
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drilling tools may, if desired, be operated by a spudding attachment mounted in a 
slot on the crank. 

The weight of the No. 30 Star machine complete with boiler and tools is about 
52,000 lb., too heavy to move without partially dismantling except on very well- 
built roads.’ The main frame of the truck is G ft. wide by 23 ft. long. It is claimed 
by the manufacturers that this machine Ls the equal in every respect of a heavy stand- 


{Star Drilling Mach Co., Akron, Ohio). 
Fig. 58. — Star portable drilling machine. 


{National Supply Co., Toledo, Ohio). • 

Fig. 59. — National semi-portable^drilling 
rig-]| 



ard cable rig, being capable of handling the same sized tools and an equal weight or 
length of casing. The No. 30 machine described above is used less than the lighter 
and medium-sized machines designed for shallower depths. Some of the lighter 
rigs weigh only 7,000 lb. One commonly used medium-sized machine (No. 26), 
designed for drilling to 2,200 ft., weighs about 27,000 lb.; with tools and incidental 
equipment, about 35,000 lb. One well 2,825 ft. deep was drilled with a No. 26 
machine in 45 days. 

The Columbia driller is an all-steel, portable machine designed to supplant the 
stationary cable tool rig commonly used in drilling oil wells to shallow and moderate 
depths. The larger sizes are rated for nominal depths as great as 2,000 ft They 
may be had equipped with either steam or gasoline engines, and some sizes have a 
traction drive. Weights range from 4,000 to 26,500 lb. 
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A belt-driven band wheel, a bull whed drum driven by a large gear wheel operated 
from the engine crankshaft, and a sand reel for operating the bailer, are provided in 
all models and a calf wheel attachment operated by a chain and sprocket drive may 
be added if desired for handling casing. Distinctive features of this machine include 
the cross-connected, double, steel walking beams, each mounted on a well-braced 
Samson post located one on either side of the truck, and the two-legged braced steel 
mast mounted at pne end of the truck with the legs between the walking beams. 
The mast is built with a knee joint, so arranged that it can be lowered and carried 
on top of the tnick when the rig is being moved. The Columbia machine may also 
be used to operate a rotary drilling table, which is provided as an additional attach- 
ment if desired. A duplex slush pump is necessarily also a part of the equipment if 
the rotary outfit is used. With the rotary attachment the Columbia machine thus 
becomes the equivalent in every essential respect of a light combination*' sta- 
tionary rig. 

The National semi -portable drilling rig resembles more closely the ordinary 
standard cable rig than do the machines mounted on wheeled trucks described above. 
The chief difference, in comparison with the standard rig, lies in the use of a braced, 
2-legged mast instead of a derrick, and a more compact arrangement of the rig wheels 
and parts. The rig wheels and controls are mounted on a bolted wooden frame, and 
are of such weight and so compact that the whole machine can be placed on a truck 
and moved as a unit from one location to another. The mast is built in sections 
which can be readily dismantled or assembled. The walking beam, instead of being 
mounted on a Samson post, is supported on trunnions between the two legs of the 
mast. The machine is built in two sizes. No. 1 for drilling to a depth of 1,600 ft. 
and for handling a 17,000- lb. string of casing, and No. 2 for drilling to 2,500 ft. and 
handling 30,000 lb. of casing. 

The No. 2 machine is illustrated in Fig. 59. Power is received from a steam 
engine (not a part of the equipment) by belt, on a wooden band wheel 10 ft. in diam- 
eter. Both the 7-ft. bull wheels and the sand reel are operated by a wooden friction 
drum 5 ft. in diameter with a 16-in. face, mounted on the band wheel shaft. A 
hoisting drum for handling casing, which can be adapted to the rig if desired, is 
operated by a chain and sprocket drive from the end of the band wheel shaft, and is 
equipped with a clutch and a heavy band brake. The braced mast is about 65 ft. high 
and is made up of 12-in.-20.5 lb. channel steel, suitably braced, and built in three 
sections. Timber masts of similar design may also be had if preferred. At the 
upper end^ of the mast, a 43-in. crown pulley is supported, and smaller sheaves are 
^ provided below for the sand line and casing line. The mast is hinged to one of the 
oak sills for convenience in hoisting it into position, the power being used to assist 
in this operation. The walking beam, supported between the derrick legs, is operated 
by a pittman attached by a wristpin to the crank mounted on the end of the band- 
wheel shaft. The beam is considerably shorter than that provided in the standard 
cable rig. This method of supporting the -walking beam, and the friction drive used 
for operating the bull wheels, are the distinctive features of the National rig. 

Advantages and Disadvantages of Portable Rigs. — The portable rigs 
have certain well-defined advantages and limitations. For drilling in 
shallow territory, the cost of the well may be materially reduced since 
there is no necessity for the building of a derrick or other expensive fixed- 
surface plant. Shallow wells can often be operated in multiple with a 
simple pumping jack at each well, and such repairs as are necessary after 
the well becomes a producer may also be handled by a portable pulling 
outfit mounted on a truck. Under such conditions the portable rig has 
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become a serious competitor of the standard rig. For prospecting work, 
where the formations to be tested are within reach of the portable 
machines, they have the great advantage of ease in transportation. 
They are more readily dismantled and reassembled, and therefore have a 
relatively greater salvage value after drilling a dry hole. 

One of the serious disadvantages of most of the portable rigs is found 
in their inability to handle satisfactorily the heavy strings of casing 
necessary in drilling through unconsolidated sands and caving formations. 
In many regions where the tools can be operated in uncased holes to great * 
depths, of course this limitation is not a serious matter. Some of the 
manufacturers, in striving to adapt their machines to more difficult 
conditions, are giving attention to this phase of the work and have added 
calf drums which, while mechanically weak in most cases, are a step 
toward a real solution of the difficulty. Another disadvantage, in 
comparison with the standard rig, is the relatively short stroke of the 
walking beams or spudding devices provided in most of the portable 
machines. The beams are usually from 2 to 6 ft. shorter; and at depths 
greater than 1,500 ft., when stretch in the cable becomes a factor of 
importance, the effective stroke of the tools becomes so short that the 
portable rig is much less efficient. Though some of these rigs are rated 
by the manufacturers for depths in excess of 3,000 ft., it is doubtful if 
many operators would undertake the drilling of a deeper hole than this 
with a portable rig. The principal field of most of the portable rigs, as at 
present designed, would appear to be in drilling wells in formations that 
do not cave readily, and to depths not greatly in excess of 2,500 ft. 

THE STANDARD CIRCULATING SYSTEM OF DRILLING 

In an effort to devise a means of drilling through unconsolidated sands 
and caving formations of the California San Joaquin Valley fields to 
depths of more than 3,000 ft. with cable tools, and to reduce the number of, 
strings of casing necessary in so doing, the so-called ‘‘circulating system^' 
of drilling was developed. This method involves the use of the complete 
standard cable equipment, and, in addition, a pair of high-pressure slush 
pumps such as are used in rotary drilling, with flexible connections to a 
“circulating head^^ supported by a massive “swinging spider"' on which 
the casing in the well is suspended (see Fig. 60). The purpose of the 
additional equipment is to provide a means of “mudding" the soft 
material in the walls of the well so that it does not cave about the casing, 
a process commonly employed in rotary ^drilling (see page 172). Mud- 
laden water is pumped down through the casing, passes under the casing 
shoe, which is lowered as the bit progresses, and back to the surface in 
the annular space between the casing and the walls of the well. In order 
to keep this space clear, the casing is frequently raised for a few feet and 
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lowered with the swinging spider, wfiich is supported by a large hook and 
hoisting block strung on the casing line from the derrick crown block. 
The circulating fluid, in addition to mudding the walls of the well so that 
they do not cave, serves to lift a part of the material loosened by the drill, 
so that less bailing of the well is necessary. 

The cable tools operate in the usual manner, except that the drilling 
cable works through a stuffing box in the circulating head, which prevents 
leakage of the mud-laden fluid as it is pumped down through the casing. 
The stuffing box is so designed that it does not seriously interfere with the 
lowering and withdrawal of the drilling tools (see Fig. 61). A polished 
plunger is fastened around the drilling cable by means of rope clamps, 
which on being released allow the cable to be drawn from the well through 
the circulating head until the rope socket emerges from the well. The 
bolts which fasten the stuffing box in the circulating head are then 
loosened and the entire top of the head with the polished plunger and 
stuffing box are lifted out with the tools, leaving the full cross-sec- 
tion of the casing free for bailing or other operations. In lowering the 
tools into the well to resume drilling, the top of the circulating head is 
bolted in position as soon as the tools have entered the casing, but the 
plunger is not clamped to the cable until the tools have reached drilling 
position at the bottom of the well and have been hitched to the beam. 

The temper screw plays between the two reins of the swinging spider, 
Which are about 40 ft. long. The cellar should be about 30 ft. deep, and 
of ample size to permit of proper manipulation of the swinging spider. 
At the cellar bottom, a stationary casing spider is placed, which supports 
the pipe in the well when a new joint is added. The column of casing in 
the well is raised and lowered with the swinging spider at intervals of from 
10 to 20 min. without interruption in drilling. The pumps connect with 
side openings in the circulating head through armored hose. Returns 
from the well flow through a trough in which the coarse sand settles, to a 
mud pit where the fluid is taken in by the pump suction lines for repeated • 
circulation through the well. 

It is important, when this system of drilling is used, to maintain ample 
clearance between the casing and the walls of the well, thus eliminating 
danger of sand lodging around the pipe and interfering with circulation 
of the well fluid, or of freezing the working string of casing. An unusu- 
ally heavy casing shoe is employed and all hard formations are under- 
reamed until the casing can be lowered freely. Also, 'the casing used is 
somewhat smaller in diameter than the casing normally employed in a 
hole of the size drilled. When a conductor pipe is landed, the clearance 
necessary to maintain circulation of the well without the application of 
abnormal pressure, is obtained by skipping one size of pipe in the usual 
series of telescoping sizes; thus, a 10-in. casing may be used inside of a 
15}/^-in. conductor string instead of a 12J^-in. It is usually important to 
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maintain fairly continuous operation of one or another of the two pumps, 
A shut-down of more than an hour or so may result in settling of the mud, 
causing freezing of the casing or loss of circulation. 

This method of drilling has been given a sufficient trial in the* oil fields 
of California, to prove definitely that it is practical, and that it has certain 
advantages over the ordinary cable drilling method, in drilling through 
unconsolidated caving formations.^® The most important advantage is 
that by the use of it, strings of large-diameter pipe can be carried to 
unusual depths without danger of freezing. This often results in the sav- 
ing of one or more strings of casing, and leaves a larger available working 
diameter in the bottom of the well. Better drilling time results from the 
absence of casing difficulties and because bailing is not so frequent an 
interruption. Through the use of the circulating mud-laden fluid, 
better control of high gas, oil and water pressures is afforded. While the 
additional equipment necessary is costly, the added expense is offset by 
the saving in casing and more rapid progress. 

Notwithstanding the demonstrated advantages of this method of 
drilling, it is now rarely if ever used because the rotary method has been 
found cheaper and even better adapted to the conditions against which 
it was designed to contend. Nevertheless, it is but a few years since a 
considerable number of wells were successfully drilled by this method, 
and the records made with it compare favorably, except for the greater 
cost, with those achieved by the more modern rotary equipment. In one 
well, a IfiJ'-^-in. string was set at 2,300 ft. and a 12J^^-in. string through 
this, at 3,003 ft. In another well, the IfiJ'-^-in. string was set at 2,100 ft. 
and a 10-in. string at 3,300 ft. In each case the casing was entirely free 
in the well, though previous drilling in the same territory by ordinary 
standard cable methods had shown that the walls could not be maintained 
for more than 40 or 50 ft. ahead of the pipe. 
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ROTARY DRILLING METHODS 

Classification of Rotary DriUing Methods. — Of the various systems of 
drilling that operate with rotating drilling tools, five seem worthy of 
mention in a broad classification. These are: 

1. Methods of drilling which completely pulverize the material taken 

from the well : 

(a) The hydraulic rotary system 

(b) The Davis calyx drill 

(c) The Empire drill 

2. Methods of core drilling in which a part of the material is with- 

drawn from the well as a solid cylindrical core: 

(a) Diamond drilling 

(b) Abrasive and chilled-shot core drilling 

While the latter four systems are used to some extent for prospecting 
in metal mining, and in drilling to secure information for making excava- 
tions in building foundations and other engineering work, they have not 
been used to any appreciable extent in drilling for oil. The present chap- 
ter will therefore be concerned chiefly with the hydraulic rotary system, 
the only one of this group that has found important application in the 
drilling of oil wells. 

THE HYDRAULIC ROTARY SYSTEM OP DRILLING 

Historical Development of the Hydraulic Rotary System. — The 

hydraulic rotary system of drilling, though of comparatively recent origin 
in comparison with the “standard” cable drilling system, has reached a 
high state of development, and probably in excess of 75 per cent of the 
footage drilled in the western American fields within recent years has been 
by this method. The method was first used in drilling for oil in 1901 in 
the Spindle Top field near Beaumont, Tex., where the formations over- 
lying the oil zone consist of unconsolidated sands and shales that cave 
seriously when subjected 'to the vibrations of churn drilling tools. 
During the last 20 yr. the rotary method has grown in popularity until 
it is now extensively used in most of the mid-continent, gulf coast and 
California fields, particularly where soft formations are the rule. Devel- 
opment of hard rock drilling bits for use with rotary equipment has in 
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recent years extended its field of usefulness until at the present time 
there is scarcely any type of rock ordinarily encountered in the American 
oil fields that cannot be satisfactorily drilled by the rotary method. 
However/ there are disadvantages, to be considered in a later section, 
that under ce^rtain conditions render the rotary method less effective or 
desirable than the standard cable method. Though the rotary method 
has rapidly gained in popularity and is more extensively used because of 
its greater speed and lower unit cost, it does not necessarily follow that 
the standard cable system is obsolete or is about to become so. 

General Features of the Hydraulic Rotary System. — (See Figs. 02, 63, 
and 64.) In the hydraulic rotary system of drilling, the rock mass 
through which the well is drilled is abraded and chipped away by the 
downward pressure and cutting and grinding action of a revolving steel 
bit which may assume various forms. The cutting bit is revolved by 
a substantial steel pipe or drill stein,^^ extending from the top of the 
drilling tool, to which it is screwed, to a point some distance above the 
derrick floor. At the level of the derrick floor the drill stem passes 
through a gripping device in a power-driven rotary table mounted over 
the mouth of the well. The form of the gripping device is such that while 
the table has a positive grip on the drill stem, the latter is free to move 
vertically through the table, even while it is in motion. 

To the top of the column of pipe comprising the drill stem, a massive 
swivel is attached, which provides a means of suspending the stem in the 
well, allowing it to rotate with the tabic, while the upper part of the 
swivel, the hoisting block and supporting cables remain stationary. 
The drill ste rn and swiv(d are hollow, so that water or mud can be pumped 
down through the stem to the drilling bit and out into the well through 
two holes provided, one on cither side of the bit. This fluid sweeps 
under the bit, picks up the rocky material loosened thereljy and carries it 
to the surface through th(‘ annular space betw(‘en the drill stem and the 
walls of the well. This circulation of fluid through the well is maintained 
by the pressure of either of two powerful pumps connecting through an 
armored flexible hose to the swivel on top of the drill stem. Fluid from 
the well overflows into a mud ditch or wooden trough through which it 
flows sluggishly, allowing the coarse cuttings from the well to settle. The 
fluid thus freed of the coarse gritty material, and containing only fine- 
grained clay in suspension, flows into the mud sump, from which it is 
picked up by the pump suction for further circulation through the well. 
The mud fluid, thus used repc^atedly in closed circuit, need only be replen- 
ished to the extent that it is absorbed by the porous formations penetrated 
by the well. 

The swivel, drill stem and bit may be raised or lowered in the well by 
means of a steel cable, operating through a massive hoisting block strung 
from sheaves at the derrick crown. The free end of this cable passes 
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down through the derrick and is Wound on a heavy hoisting drum sup- 
ported by metal bearings mounted on three substantial oak posts (see 
Fig. 80). The hoisting drum is driven from a line shaft by chain belts 



{Redrawn with additions, from illustration in National Supply Co 's Catalog No. 30). 
Fig. 62. — Plan afid elevations of a lOG-foot rotary rig. 

and sprockets, with individual clutches so arranged as to provide two 
(in recent designs, three) speeds. The line shaft is usually driven by a 
chain belt from a sprocket on the crankshaft of a steam engine, though a 
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variable speed electric motor can be adapted to the work through the use 
of intermediate gearing. Heavy band brakes on the flanges of the hoist- 
ing drum permit of suspending the weight of the drill stem and swivel 
when the power clutches arc disengaged. On the line shaft there is also 
a sprocket for a belt drive, which operates the rotary table. The latter 
connects either directly with the jack shaft of the rotary table, or 
indirectly through an intermediate drive shaft. The drive shaft may also 
support an additional sprocket for operating a mechanical mud mixer, 



Fig. 64. — Rotary draw works and chain-driven rotary table. 


and two cat heads useful in applying power to the heavy pipe tongs used 
in tightening the joints of the drill stem, and for other purposes. The 
hoisting drum with its supporting shaft, the drive shaft, sprockets, 
brakes, clutches and supports, are known collectively as the ^'draw 
works, commonly furnished as a unit by manufacturers specializing in 
rotary drilling equipment. 

The size and weight of ihv equiiiment used varies according to the 
diameter and depth of the hole to be drilled. Preference as bi^tween 
light and heavy eciuiprnent also vari(‘S in different fi(*lds. For example, 
the rotary equipment used in Texas and Louisiana is lighter than that 
used in California. 

The rotary derrick is a higher and heavier structure than the derricks 
described in the previous chapter for cable drilling, but is otherwise 
similar in form and design, I'he height is generally 106 ft. The space 
enclosed within the four legs is 24 ft. square at the level of the derrick 
floor and 5 ft. square at the crown. The legs are reinforced with doub- 
lers'' for the full height, and if the well to be drilled is a deep one, sway 
bracing is applied on the outside of each panel between alternate girts. 
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The engine housing is but little mor5 than a low lean-to structure or an 
extension of the housing at one side of the derrick (see Fig. 62). There 
is, of course, no occasion for the belt house and plank walk described in 
connection with the standard cable rig. 

A platform of 2-in. plank is built across one side of the derrick at about 
the level of the ninth girt above the floor, to provide the necessary footing 
for the derrick man in manipulating the upper ends of the “stands” 
of drill stem as they are screwed or unscrewed. This platform is fre- 
quently extended and carried around the outside of the derrick, and 
railings are built around the outer edge for greater security of the derrick 
man in moving from one side of the derrick to the other. The square 
space on top of the derrick about the crown block is similarly enclosed as 
a protection to one engaged in inspecting or oiling the sheaves or in 
stringing the hoisting cable over them. Such platforms and hand railings 
are required by law in California as an accident preventive. Reinforce- 
ment of the derrick floor across the side where the sections of stem are 
placed on end when not in the well, and suitable timber braces and guides 
to keep them in position in the upper portion of the derrick, are also 
important considerations. 

A shallow cellar is excavated beneath the derrick, in which a vertical 
“conductor pipe” of riveted steel, corrugated pipe, or wood staves is 
placed and carefully plumbed and braced. A rectangular hole is cut or 
is* left in the center of the derrick floor, of the same size and shape as 
the metal base of the rotary table, the timber frame to which the rotary 
is bolted resting directly upon the derrick center sills. The latter, in 
turn, are supported on substantial posts resting on concrete piers or 
timber footings. 

A mud pit of adequate (capacity is excavated at one side of the derrick, 
conveniently placed for the pump suction liiu's. A wooden trough 24 
in. wide and 12 in. deep, at least 125 ft. long and graded to. a slight slope, 
is constructed about three sides of the derrick at or slightly above the 
ground level. It is arranged at one end to receive the overflow of fluid 
from the well, and discharges at the other end into the mud pit (see 
Fig. 62). A supply of clay of suitable character is hauled from the nearest 
available source and piled ready for use at one side of the mud pit or 
mud mixing machine. 


Kotaky Drilling Bits 

A number of different types of bits are Ased in rotary drilling, a choice 
depending chiefly upon the nature of the formation to be penetrated. 

The Fishtail Bit. — The usual form of rotary bit is the “fishtail” bit, 
shaped as illustrated in Fig. 65. It is made of a special grade of tool 
steel, often of chrome stool, forged to a slender blade ranging from 15 
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to 30 in. in length, H to % in. thiik at the cutting edge and 1^ to 
in. thick at the top. The width of the blade at the cutting edge is only 
slightly smaller than that of the hole which it is desired to drill. The 
cutting edge is divided into two parts by fluted water courses down the 
center of each side of the blade. The two cutting wings thus formed, are 
dressed to a slight taper or bevel and turned back somewhat to form the 
cutting edges. The top of the flattened portion of the bit terminates in a 
rounded shank, externally screwed for connecting the bit to a heavy drill 



Fig. 65. — Fish tail Fig. 66. — Hughes roaming Fig. 67. — Hughes 

bit. cone bit. disc bit. 


collar on the end of the drill stem. Through each side of this shank is 
bored a ^-in. hole through which water or mud-laden fluid from the 
hollow drill stem emerges, sweeps down the sides of the bit and is 
deflected upward on striking the bottom of the hole. 

The fishtail bit is used by preference whenever the formations to be 
penetrated are soft or moderately soft rock. It is especially adapted to 
loosely cemented sands, shales and clays. When harder rocks are 
encountered, however, the bit is rapidly dulled and progress is slow. 

Rotary Cone and Disc Bits. — For drilling in hard formations, various 
types of revolving cone and disc bits have been devised. One of the 
most successful of these is the Hughes reaming cone bit,* illustrated in 
Fig. 66. The principal drilling elements in this bit consist of two cones, 
on the surfaces of which there are milled a large number of cutting teeth. 
These cones revolve on supporting pins in such a way that the element 
of the conical surface in contact with the bottom of the hole is almost 
horizontal, or preferably inclined a few degrees below the horizontal from 
the axis of the tool. The main body of the tool consists of two semi- 
cylindrical segments held together by a locking screw, and a massive 
drill collar screwed to the lower end of the drill stem. In addition to the 
cone cutters, the tool is equipped with two cylindrically shaped cutting 

* Manufactured by Hughes Tool Co., Houston, Tex. 
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rollers, mounted on opposite sides of the cylindrical body. These rollers 
have teeth milled on their cylindrical surfaces and they are so mounted 
that the rollers cut lightly into the vertical walls left by the cones. The 
rollers thus serve to ream the hole to a slightly larger diameter, giving all 
parts of the tool ample clearance and producing a smooth and perfectly 
cylindrical hole. In addition to the main features of the reaming cone bit 
described above, there arc provided an elaborate oiling system and water 
courses for conducting the mud-laden fluid from the hollow drill stem 
through the body of the tool to the revolving cones, against the surfaces 
of which the fluid is discharged under high pressure. 

It is claimed by the manufacturers of the reaming cone bit, that 
instead of abrading the rocky material by scraping or dragging, the tool 
actually crushes and chips away the rock, flakes Ke thick, in. 
wide and in. long being cut by the drill when operating in certain 
kinds of rocks under proper pressure and speed. Normally, however, the 
returns circulated to the surface will consist of coarse granular material. 

Of course, the teeth of the cone and reaming rollers gradually wear 
away under the abrasive action of the rock, and the moving parts must 
be periodically replaced. This involves withdrawal of the tool from the 
well, disassembling and assembling the various parts with fresh cutters. 
Under average conditions in the mid-continent and gulf-coast fields, 
these bits will drill about 5 ft. of hole per hour and from 100 to 200 ft. 
will be drilled with one set of cutters. Under exceptionally favorable 
conditions, drilling sf)ecds as high as 15 to 18 ft. per hour have been 
recorded, with as much as 800 ft. of hole drilled with one set of cutlers 
without resharpening. The cutters may be redressed in a milling 
machine after annealing, for use in a smaller sized hole. 

The greater footage obtained with the cone bits is in part due to the 
greater linear length of cutting edge. For example, in a pair of 9%-in. 
cutters there are 56 teeth, each 3 in. long, or a total of 108 in. of* cutting 
edge, as compared with perhaps 11 in. for the ordinary fishtail bit. 

Another type of bit that has met with some success in drilling moder- 
ately hard rocks is the Hughes disc bit illustrated in Fig. 67. It is urged 
by the manufacturers as a desirable substitute for the fishtail bit in 
drilling such rocks. The cutting elements consist of two saucer-shaped 
discs having teeth milled on their outer edges, and so mounted that they 
revolve on their inclined supporting pins as the drill stem^revolves. Like 
the cone bits, they have a cutting and crushing action on the rock forma- 
tion. The manufacturers claim that the disc bit has 13 times the linear 
length of cutting edge possible in a fishtail bit, and that it therefore drills 
faster and lasts longer. It has been used successfully in some of the 
mid-continental and Rocky Mountain fields where f outages as high as 
300 ft. per day have been obtained with it. A somewhat similar bit, 
utilizing revolving, saucer-shaped discs, is illustrated in Fig. 68. This 



152 


PETROLEUM PRODUCTION ENQINEERINO 


bit is used to some extent in southern California as a substitute for the 
fishtail bit, in drilling through soft and moderately hard formations. 

While the cone and disc bits are considerably more expensive than the 
fishtail bit, the cost of the bit is but a small part of the total cost of 
drilling when re'duced to a footage basis. The cost of operating a rotary 
rig ranges from $100 to $150 per day, and when the wear and tear on 
the drill stem resulting from the use of a slow cutting, rapidly dulled bit 



Fig os. Rotary 
disc 



F](j. (>9.-— Ro(‘d 
roller bit. 



Fiu. 70. — TMckin K.vratiiig bit. 


is considered, together with the cost of replacing it frequently, and the 
increased risk of twist-offs resulting in expensive fishing jobs, it is appar- 
ent that a rapidly cutting, long-lived bit is able to inec^t a considerable 
handicap in the way of additional first cost. 

The Reed roller bit,* a competitor of the Hughes cone })it in hard- 
rock rotary drilling, is illustrated in Fig. 09. This bit is e(iuipped with 
eight disc-shaped eutt(‘rs having teeth milled around their circumferences, 
and mounted in a massive steel frame. The discs are smaller in diameter 
toward the center of rotation, in order to compensate for differences in 
rate of travel. The two cutters set at an inclination with the axis of the 
tool, arc provided to maintain clearance. Four additional sets of cutters, 
mounted vertically on the circumference of the main body of the tool, 
serve to ream the hole further, and to give a smoother bore. A reservoir 
of lubricating oil in a lubricator attached between the drill collar and the 
bit is connected by oil courses to the moving parts. The circulating 

' Manufactured by Reed Roller Bit Co., Houston, Tex. 
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fluid is passed through the bit by {wo water courses connecting with 
the drill stem, and is discharged directly against the cutters. 

The Pickin rotary rock drill (see Fig. 70) contains a bit, so mounted 
that it revolves eccentrically with a combined cutting and grinding action 
on the rock formation. The cutting face is almost horizontal and is 
notched with shallow cutting teeth. The moving parts of the bit are 
supported by a substantial sleeve on the lower end of the hollow drill stem, 
and ball bearings are provided between the fixed and moving parts to 
reduce friction. A water course through the bit permits the escape of 
circulating fluid from the drill stem. The Pickin drill is said to be par- 
ticularly effective in drilling in hard rock, and since it maintains adequate 
clearance by reason of its eccentric motion, it is well adapted to drilling 
in a deep well of small diameter. 

Other types of rotary bits have been developed for special purposes 
and are occasionally used. The diamond-pointed bit (see Fig. 71) is 
similar in form and general dimensions to the fishtail bit, except that the 
cutting end is dressed to a point at the center and the cutting wings are 
not offset. It is useful in drilling past pipe, tools or metal objects that 
have become lodgc'd in the well. It is also used as a part of certain 
rotary fishing tools, such as the wash-down spear uscmI in recovering 
broken sections of drill stem that have twisted off during the process of 
drilling, and about which the circulating mud has settled. 

’ The drag bit (see Fig. 72) is divided into two cutting wings with water 
courses between, as in the case of the fishtail bit, but is thicker than the 
latter and has the edges rc'versed or turned in the opposite direction to 
the direction of rotation, so that they drag as the bit revolves. This form 
of bit is occasion all}^ us(*d in drilling through hard rock, adamantine or 
other abrasive matcu’ial b(’ing dropped into the well. The abrasive lodges 
under the bit and is dragged around as the latter revolves, thus hastening 
the cutting action. 

For enlarging a hoh^ drilled by rotary methods, a special bit called a 
“four-way reamer’^ is often used (see Fig. 73). This is a tapered tool, 
similar in form to the fishtail bit, except that it has four wings instead of 
two. Water courses connecting with the hollow drill stem are provided 
between the wings, as in the case of the other bits. The reamer is used 
to enlarge the hole when the drilling tool regularly used has for one reason 
or another failed to maintain proper clearance. All restrictions in the 
prescribed diameter of the hole must be can^fully reanred in order that 
they will not interfere with the passage of the metal casing. 

Under-reamers very similar to those described in connection with 
cable drilling are occasionally used with rotary equipment (see Fig. 74). 
Under-reamers permit of reaming an enlargement in the hole without 
the necessity of reaming it for its entire depth. These tools are equipped 
with cutters which are collapsed before entering the casing at the surface. 
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but by the action of a powerful spring, expand to working position after 
passing below the casing shoe, and are then capable of drilling a hole 
several inches larger than the openings through which they pass while 
in the collapsed position. Kotary under-reamer cutters are dressed to a 



Fig. 71. -Dmniond 
pointed bit. 



Fio. 72. — Drag bit. 



Fig. 73. — Four- wing 
rotary Irit. 


Fig. 74. — Kotary Fio. 75. — Drill 

under reamer. collar. 




cutting edge on the sides as well as on the lower edge. Many operators 
contend that the use of under-reamers with rotary equipment is con- 
ducive to 'Hwist-offs,^' but if properly handled the type illustrated gives 
little trouble and is quite as reliable in action as the cable tool under- 
reamer. 

In addition to the severaf types of rotary bits described above, a 
variety of different coring and sampling devices have been developed 
within recent years, for use with rotary equipment. These might 
properly be discussed at this point, but are reserved for a later section of 
the present chapter. 





ROTARY DRILLING METHODS 


155 


The drill collari which provides af means of attaching the rotary bit 
to the drill stem, must be of sufficient strength to withstand the great 
torsional strain to which it is subjected. Every precaution must be 
taken against breakage of the stem and the connecting collars and tool 
joints, and the portion just above the bit is subjected to greatest strain. 
The drill collar is equipped with a tool joint at the lower end and a pipe 
thread connection at the upper end. It is hollow to permit of passage 
of circulating fluid to the bit (see Fig. 75). 
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* As manufactured by the. National Tube Co. 

(All dimensions arc given in inches, weights in pounds) 
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The drill stem, connecting the bit and drill collar in the well with the 
hydraulic swivel in the derrick, consists of sections of heavy steel pipe, 
approximately 20 ft. in length, connected by special pipe couplings or 
''tool joints.” Tool joints are used only at every third or fourth joint 
(depending upon the height of the derrick), and arc designed to facilitate 
coupling and uncoupling the stem as it is inserted into or withdrawn 
from the well. 

Rotary drill pipe, the trade name applied to the special grade of pipe 
used for the drill stem, may be had in nominal diameters ranging from 
23 ^^ to 6 in. (see Table XIV), but the 4-in. and 6-in. sizes are most used. 



Fig. 7G. — Upsct-cncl “National” rotary drill pipe. 


Recently experiments have boon conduct'd with 8-in. drill pipe. Each 
size may be had in several different weights or thicknesses, varying from 
a little over in. to nearly % in. Selection of the size of stern depends 
upon the diameter of the hole to be drilled, the strain on the stem increas- 
ing directly with the diametcir of the bit. 

The strain imposed on the rotary drill stem results chiefly from the 
twisting effect developed by the drag of the revolving bit on the bottom 
of the well. The resulting torsional .strain is resisted or absorbed by the 
elasticity of the steel, so that it is progressively diminished as we proceed 
upward from the bit. For this reason, most twist-offs, or breakages of 
the drill stem as a result of torsional strain, occur near the lower end, 
and particularly when drilling in hard rock reejuiring increased pressure 
on the bit. Fractures of the drill stem often occur at the threaded 
joints, the weakest cross-section being at the base of the threads. In 
order to reinforce the pipe at this point, an upset-end pipe is frequently 
used, the surplus metal being placed'.on t he inside of the pipe (see Fig. 
76). Torsional tests made on 4-in., 123-^-lb. rotary pipe indicate an 
increase of about 36 per cent in the strength of the joint by use of the 
upset-end pipe. 

The metal walls of the drill pipe must also be thick enough to support 
the dead weight of the stem itself, when suspended in the well. The 
dead load of course increases directly with the depth, and in very deep 
wells with large-size drill pipe, becomes a force of some magnitude. 
Hydrostatic pressure is not ordinarily a force worthy of consideration 
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since the entire free space within the well will be filled with fluid and the 
pressure within the stem will not ordinarily be greatly in excess of that 
without. Occasionally, however, when mud has settled about the stem, 
hydrostatic pressures of from 500 to 1,000 lb. may be applied with the 
pumps to re-establish circulation. Drill pipe heavy enough to withstand 
the torsional strain resulting from rotation of the bit will be able to with- 
stand all hydrostatic i)ressure and dead loads to which it will normally 
be subjected. 

The couplings provided for drill pipe are of special design, with 
recessed threads and In^avier than standard couplings in order that they 
may withstand the severe strains imposed u[)on them. They are cut with 
eight 60-deg. V-shaped threads per inch, a deep thread in order to avoid 
stripping under severe strain. 

In inserting and withdrawing the drill stem into and from the well, it 
is broken only at every third or fourth joint, and the resulting stands of 
drill pipe, called '^thribh's^’ or ‘'fourbles'^ by the drillers, are stood on 
end in one corner of the derrick. The couplings described in the preced- 
ing paragraph are ordinarily used only at joints that are not frequently 
unscrewed. The tool joints connecting th('se three or four-joint sections 
of the stem arc ecpiippcd with tap(*red screw joints similar to those used 
on cable tools, cx(;ept that they have a cylindrical hole through their 
longitudinal axis for passage of the circulating fluid. They consist of two 
parts, one shaped with a ‘^pin^^ and the other with a “box.” On the 
opposite or outer end of ea(;h i)art, a rec(‘ss tapped to receive the threaded 
end of the drill pipe is provided. The several forms of tool joints differ 
from each other chiefly in the type of thread used. The Hughes tool 
joint has a modifi(»d square thn^ad on the tapered joint. The Mack tool 
joint uses the buttr(\ss type of thr(*ad. Ordinary tool joints are provided 
with U. S. Standard or flattened GO-deg. V threads (see Fig. 77). 

In normal use the tool joint threads are subjecjted to rough treatment, 
l^he lower pin on one stand is low(u*ed by gravity into the oi)en box on the 
upper end of the pipe already in the w’(‘ll, a process which results in abra- 
sion of the threads uiih'ss unusual care is taken. In order to facilitate the 
frequent screwing and unscrewing of the tool joints, the threads arc 
“doped” with heavy oil or grease.* The joints arc partially tightened 
by hand with h(‘avy pipe tongs (se(^ Fig. 109) and finally tightened by 
application of powt^r with the aid of a rope from one of the cat heads on 
the draw works. 

Grief Stems. — In order that the rotary^ table may have a positive grip 
on the drill stem, the first 28 or 45 ft. b(‘low the swivel consists of a 
specially designed “grief stem” or “kelly joint” of angular form designed 

* A lubricant suitable for use on rotary tool joints is made by the following for- 
mula: tallow, 33 per cent; white lead ground in oil, 23 per cent; graphite, 3 per cent; 
cylinder oil, 41 per cent. 
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to fit a similarly shaped opening in the rotary table. The grief stem is 
usually square in cross-section (see Fig. 63), though hexagonal and 
cruciform shapes have also been used. A cylindrical hole is provided 
through the grief stem for the passage of the circulating fluid and there is 
a pipe thread joint at each end for connecting by means of suitable collars 
with the cylindrical drill pipe and the rotary swivel. 



Fig. 77. — Types of rotary tool joints. Fig. 78. — Grip rings for rotary table. 


Earlier models of rotary tables were eqiiippt^d with a gripping device 
for the cylindrical drill pipe, so that the use of a special grief stem was 
unnecessary. The gripping device consisted of two pair of steel rollers 
so mounted in sliding blocks controlled by heavy screws, that their 
corners could be clamped against the pipe (see Fig. 78). While this 
type of gripping device served its intended purpose, the corners of the 
rollers scored the pipe heavily, weakening it to some extent, and the 
screws controlling the position of the rollers required frequent tightening. 
It is still used to a limited extent, particularly in handling the smaller 
sizes of drill stem and in rotating casing. 

The rotary swivel, which provides a means of pumping the circulating 
fluid into the rotating drill stem, and from which the latter is suspended 
while in the well, is illustrated in Fig. 79. It consists of a number of 
parts, all of which arc contained within, or supported by a massive trun- 
nion and bail. The upper portion of the trunnion block contains a goose- 
neck, to which the armored hose leading from the pumps is connected. 
The heavy tubing connecting with the drill stem turns with the latter, a 
collar being provided on the upper end of it, which rests on roller bearings 
to reduce friction. A ball bearing is also provided between the revolving 
and stationary portions of the swivel to take up the thrust that may at 
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times cause considerable pressure between the two parts. Several stuff- 
ing boxes are provided to prevent leakage, and there is an elaborate 
lubricating system which keeps the moving parts and friction surfaces 
within the swivel immersed in oil. When properly assembled and 
lubricated, there is practically no leakage of either 
water or oil from the swiv^el, and the lower portion 
attached to the top of the drill pipe turns freely and 
yet without any appreciable tendency to twist the cables 
of the hoisting block on which it is suspended. A com- 
plete swivel for a 4-in. drill pipe will normally weigh 
about 1,000 lb.; that used on a 6-in. stem, about 
1,4001b. 

The hoisting block (see Fig. 63), which supports 
the swivel, usually contains four sheaves (occasionally 
three and sometimes five), so that as many as nine lines 
may be threaded between it and the sheaves at the 
derrick crown. This provides a mechanical advantage 
of nine in favor of the draw works hoisting drum, on 
which the free end of the cable is wound. At times, 
however, for light service, a fewer number of lines 
with correspondingly greater hoisting speed may be 
used. The hoisting block is also used in inserting and 
handling casing in the well. A large hook suspended 
from the lower end of the block by a C-shaped link 
engages the bail of the rotary swivel or the links of the 
casing elevator. The hook must be suspended well 
below the center of gravity of the block, otherwise there 
is a tendency for the block to turn over when subjected 
to a heavy load. 

The hoisting cable is similar in construction to the 
steel casing lines used in cable drilling (see page 111). 79 — Rotary 

swivel. 

The 1-in. and Js’iR- cables are commonly used. A 

1,200-ft. cable is long enough for use in a 106-ft. derrick, with 9 lines 

strung between the crown block and the hoisting block. 

The draw works serves as a power distribution center for all power- 
driven parts of the rig except the pumps (see Fig. 80). It consists of two 
principal parts: the hoisting drum with its shaft, supporting boxes, 
sprockets, clutches and brakes, and the drive shaft "with its supports, 
several sprockets, two cat heads and clutch. Both shafts are supported 
at different elevations above the derrick ?loor, by means of three heavy 
oak posts bolted to one of the main side panels of the derrick and to 
the derrick sills. It will be noted that the two shafts are mounted on 
opposite sides of the supporting posts, thus partially equalizing the bend- 
ing stresses. 
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The functions of the several pdrts of the draw works have already 
been described in a general way on page 146. With reference to Fig. 81, 
A is the sprocket which receives the power by chain drive from the engine. 



{Union Tool Uo , Torrance, Cal ) 
Fig. so. — R otary draw works. 


B and C are sprockets coiinect('d by a chain b(‘li, which, when connect(‘d 
with the hoi^sting drum through clutch />, revolv(‘ it at the lower of its two 
speeds. Sf)rockets E and F and clutch G give the hoisting drum its high 



{Redrawn vnth additions^ from Union Tool Cofs descriptive booklet). 
Fig. 81 . — Rotary draw works. 


speed. These clutches, operated by levers //, are so spaced that as one is 
thrown out of gear, the other is thrown in, with a neutral position between 
in which the hoisting drum is disconnected from the power. Sprocket 
I drives the rotary table, and is thrown in and out of gear by clutch /, 
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which is controlled by lever K, Brate lever L controls the movement of 
the hoisting drum when it is under tension from the weight of the drill 
stem and the power clutches are disengaged. M and N are cat heads 
useful in applying power to various small objects within the derrick, 
particular!}^ to the wrenches used in setting up the tool joints on the drill 
stem. The driller stands at post 0, within easy reach of the brake and 
clutch levers. A ‘‘tch'graph wheeT’ also on this post, with an endless 
wire strand to the throttle valve of the engine, gives convenient control 
of the pow(u*. Another sprocket is occasionally placed on the drive shaft 
to operate a mechanical mud mixer, though this device is not ordinarily 
a part of the rotary equipment. 

The gear ratios on the sprockets driving the hoisting drum are 12 to 28 
for the low-speed drive and 12 to 20 for the high-speed. Hence the faster 
of the two hoisting speeds is 1.4 times that of the lower. The actual 
speed in either case, of course, depends upon the speed of the engine, 
which is variable within wide limits. A recent model is equipped with 
an additional pair of gears and clutch for a third speed, useful particu- 
larly in drawing out the drill stem. The drum P, on which the hoisting 
cable is wound, is about 10 in. in diameter and has lianges ranging 
between 34 and 42 in. in diameter, which provide braking surfaces for two 
powerful band brakes, Q and /»*, each about 8 in. wide and lagged with 
hardwood or asbestos blocks. The brakes arci controlled by Ic'ver L, 
which may be clamped to lock the brake's, with a ehain attached to the 
derrick floor. An automatic spring suspension device prevents dragging 
of the brake bands on the drum flanges when the brake lever is released. 

The weight of the hoisting drum wdth its shaft, clutches, sprockets, 
brakes and boxes, varies from about 2,500 lb. for the lighter rigs, to as 
much as 7,200 lb. in the larger sizes. The line shaft with its equipment 
w^eighs about 1,600 lb. The larger sizes of draw w^orks are designed to 
meet all tin', requirements imposed in handling drill stem and casing to a 
depth of 5,000 ft. For handling heavy casing at greater depths than 
this, or even at lesser depths when a light draw works is in use, a calf 
wheel is sometimes provided, similar to that used with the standard cable 
rig, and operated by a chain drive from the line shaft, or by a separate 
engine. 

Occasionally also, a bailing drum is attached to the hoisting drum 
shaft, with a separate clutch and brake. This is useful in bailing mud 
out of the well on its completion, or when testing oil or gas sands for 
production, and is also an advantage in certain fishing operations. If a 
'^combination rig^^ is used (see page 186), bailing facilities and a calf 
wheel will be provided as a part of the cable tool equipment. 

The rotary table, which revolves the drill stem, is operated by a chain 
drive from the draw works. Except in the case of the shaft-drive type 
of rotary described below, the power is transmitted directly from a sprocket 
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on the line shaft to a second sprocket on a short pinion shaft mounted at 
'the side of the rotary table. The pinion shaft is supported by two bear- 
ings, and on one end of it there is keyed a beveled pinion which meshes 
with circular beveled gearing on the lower side of the table (see Fig. 82), 
The pinion shaft also supports a clutch controlled by a short lever, which 
permits of disengaging the power at the table when desired. A cast-iron 



{Union Tool Co , Toirance, Cal ) 
Fig. 82 . — Rotary table, ehain-d riven type. 


chain guard over the sprocket, and a ratchet locking device which pre- 
vents the table from revolving whem screwing or unscrewing the drill 
stem, completes the equipment of the pinion shaft. 

This arrangement of the power connections necessitates the use of a 
long chain extending nearly halfway across the free space within the 
derrick. Because of its exposed location, its high operating speed, the 
variable and often extreme strain imposed upon it and its susceptibility 
to breakage, this chain is a menace to the nuin at work on the derrick 
floor. Furthermore, it is an obstruction that prevents free passage about 
the rotary table, particularly in the process of screwing and unscrewing 
the drill stem. 

In order to avoid the use of this long drive chain, a more recent type 
of shaft-driven rotary has been developed which has met with widespread 
approval. In this, the pinion shaft is extended across the derrick floor 
and under the hoisting drum to a gear base located between the draw 
works and the engine (see Figs. 83 and 84). The gear base contains two 
beveled pinions which permit of revolving the drive shaft by a short pinion 
shaft mounted parallel with the line shaft of the draw works. A sprocket 
on each of the two latter shafts and a chain belt provide the necessary 
power connection. 

The rotary table (see Fig. 85) consists of a heavy steel casting A, about 
4 ft. in diameter, with a smooth flat top, and with beveled gearing, 
cast into the lower side. There is also cast into the lower portion of the 
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table a groove, C, which serves as a raceway for the cone rollers, Z), 
on which the table revolves. The cones, mounted in a circular groove in 



(Union Tool Co., Torrance, Cal.) 
Fig. 84. — Shaft-driven rotary, showing draw works. 


the metal base, Ej revolve in a bath of oil automatically fed from oil 
reservoirs. The grooves in both the rotary table and the table base are' 
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fitted with renewable flanged race plates, Fj of high-grade carbon steel 
which furnish a housing for the cones and prevent wear on the heavier 
castings. The support for the pinion shaft is a separate casting securely 
bolted to the table base. To prevent the table from being lifted from 
its supports by the pinion when under strain, hold-down brackets, G, 
are provided which are bolted to the table base and project over a 
machined circular projection on the lower edge of the table. The metal 
base is bolted to a substantial timber frame which resis on sills below the 
derrick floor. 



hmon I o S^rx^chet 



yerfica/ Sechon 

{Redrawn with additions, from Union Tool Co.'s descriptive pamphlet) 

Fig. 85.— Chain-driven rotary table. 


Through the center of the table an opening is provided for the passage 
of the drill stem. The form of this opening varies with the type of grip- 
ping device and table bushings adopted. A common typo of table and 
gripping device utilizing the square grief stem has an opening which is 
square at the top and conical toward the bottom (see Fig. 82). It is 
equipped with a split bushing similar in form, which grips the square stem 
as the table revolves. For the conical portion of the opening there is also 
provided a set of circular slips for use on drill pipe or casing of all sizes 
up to the maximum for which the table is designed. Rotaries are rated 
by the size of the opening through the table, and vary from 19 to in. 
The size of this opening is also a measure of the maximum diameter of 
drilling bit that can be passed through the table, and hence determines 
the maximum diameter of hole that can be drilled. 
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A 20-in. rotary table and pinion Shaft, complete with all of its parts, 
weighs approximately 6,500 lb. The 27-in. table weighs about 8,250 lb. 
The shaft-drive attachment with the additional pinions, sprockets and 
supporting castings, will add about 4,800 lb. to the above weights. 

Rotary Chain Belt. — The sprocket chains that arc used for trans- 
mitting power between the various parts of the rotary drilling rig are of 
substantial construction, and so designed that the chain may be readily 
broken or disengaged at any link. This is nect^ssary in order to facilitate 
repairs or to adjust tension, or — in the ease of the chain to the rotary • 
table sprocket — to get it out of the way of operations on the derrick floor 
when it is not needed. 


Dorng *-| 



(Redrawn with additions, from illustration in Lucey Corporation's Ca*alog A j, 8). 

ViG. SO. — vSertional views of rotary slush pump. 

Th(' links are available in several different styles or patterns, usually 
made of steel, though fn'ciiiently of malleable iron. In one type of chain 
that is commonly used the links arc made of two separate side. bars fast- 
ened together at th(‘ joints with bushings or barrels and either rivets, bolts, 
pins or cottcTS. The bushings or barrels at the joints take up most of the 
wear and ar(* easily replaccabl(\ Another type is made of malleable 
iron, each link being cast separately in one i)iece, and the links later 
coupled together to form the chain. 

These chains must be operated with considerable slack over the 
sprockets, otherwise they bind, make considerable noise and power is 
wasted in unnecessary friction. To reduce friction, iloise and wear on 
the links and sprocke'ts, the chains must be occasionally greased. 

Slush Pumps. — The pumps used in maintaining circulation of fluid 
through the well are usually of the steam-driven, duplex, double-acting 
type, with removable steel cylinder liners and large valve areas on the 
water end to adapt them to use with thick muds, which may at times 
carry gritty sands. Because of the nature of the fluid handled, it is 
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important to have the valves, liners' packing glands and other wearing 
parts readily accessible for repairs. The steam valves are simple slide 
valves, positively controlled by rockers actuated by the pistons (see 
Fig. 86). The water suction and discharge valves arc of the winged disc 
type, operating against heavy springs coiled about the valve stems. 
They are usually faced with rubber to insure tight seating. These pumps 
must be designed to operate under high hydrostatic pressures, occasion- 
ally as high as 800 lb. per square inch, though normal operating pressures 
'do not exceed 150 lb. 



Fig. 87. — Slush pump fo;’ circulating mud fluid in rotary drilling. 


Slush pumps are rated by the diameter of their cylinders and length 
of piston stroke. For rotary drilling service, the steam cylinders range 
from 10 to 12 in. in diameter, the water cylinders from 5 to 6% in., and 
the stroke is either 12 or 14 in. The 10- by 5%- by 12-in., 10- by 6- by 
12-in., 12- by 6^4- by 12-in., and 12- by by 12-in. pumps are commonly 

used sizes. Capacities depend upon the operating speed, the resisting 
hydrostatic pressure and the efficiency of the pump. Normal pumping 
speeds will average from 30 to 40 at a depth of from 3,000 to 4,000 ft. but 
may increase to a maximum of 75 strokes per minute. The capacity 
of a 12- by 6%- by 14-in. pump averages about 1 cu. ft. per revolution. 
Volumetric efficiencies {i.e., actual delivery capacity divided by theoreti- 
cal displacement capacity) may range as high as 85 per cent, but average 
about 60 per cent when pumping the heavy muds used in rotary drilling.* 
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Weights range from 3,400 lb. to as high as 6,900 lb. for the larger sizes of 
slush pumps. 

The pump suction lines are usually of 6-in. pipe, equipped at the 
lower end with foot valves and strainers, well submerged in the mud pit. 
The suction lift should be as small as possible, and should never exceed 
15 ft. To take up irregularities and induce a uniform flow in the dis- 
charge pipe, an air chamber is generally used on each pump. The 
delivery lines from the two pumps are manifolded to connect with the 
armored swivel hose. Quick-acting valves are provided in the pump 
manifold to permit of promptly changing the flow from one pump to the 
other when desired. 

Rotary Hose. — The flexible connection between the slush pump mani- 
fold and the gooseneck of the rotary swivel consists of an armored hose 
of rubber and canvas, 2 or 23^^ in. in diameter. The pressure to which 
it is subjected requires a hose of especially heavy construction. One 
commonly used brand is composed of eight thicknesses of fabric embedded 
in a rubber matrix throughout the greater part of its length, with ten-ply 
material at the ends. In addition, it is closely wound with heavy wire. 
Two 30-ft. lengths of hose connected by a coupling and two clamps are 
necessary to provide for the vertical movement of the hydraulic swivel. 

MANIPULATION OF THE ROTARY EQUIPMENT IN DRILLING 

Starting the Well. — With the rotary equipment completely rigged, 
with mud in the slush pit, steam in the boiler and all in readiness for 
drilling, a drilling bit of the size selected as the initial diameter of the 
well is securely sen' wed to a drill collar, and the latter on one end of the 
grief stem. To the top of this the rotary swivel is connected, which, in 
turn, is suspended from the hoisting block (see I^lg. 63). The bit, collar, 
stem and swivel, connected as described, are then lowered through the 
rotary tal)le into the conductor pipe until the bit is within a foot or so 
of the point at which drilling is to be started. Lowering of the drill 
stem is accomplished by partially releavsing the brake on the hoisting 
drum, clamping the brake when the tools have reached the desired posi- 
tion. The driving bushings arc then inserted in the table, one of the 
pumps is started and the table clutch thrown in. As the stem revolves, 
the hoisting drum brake is again released, and the tools are lowered until 
the bit begins to cut into the material in the bottom. The sludge soon 
reaches the surface and overflows into the mud ditch, which returns it to 
the slush pit after the coarse material has settled out. Frequently the 
drill collar will be fastened permanently to a joint of drill pipe by babbitt- 
ing a recess left above the threads. In this case, it will not be possible 
to use the grief stem until the well attains a depth of 20 ft. or more, the 
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stem being rotated meanwhile by grip rings mounted on top of the table 
(see Fig. 78). 

Adding a New Length of Drill Stem. — At intervals of 20 ft., as the hole is deepened, 
it will be necessary to add a joint of drill pipe to the stem. The slush pumps are 
stopped, the table clutch is thrown out of gear, the driving bushings arc removed from 
the table and the stem is raised by applying power to the hoisting drum. As the 
joint at the lower end of the grief stem emerges above the table top, the drill pipe 
slips are placed in the table opening about the pipe, and the stem is lowered slightly 
until the slips take hold. The table is then locked so that it cannot revolve, and 
' the pipe tongs are applied above the joint, aided by a jerk line from one of the cat 
heads on the draw works. When the joint has been loosened with the aid of the 
power, it can be unscrewed by hand, the three floor men of the crew grouping them- 
selves about the stem and passing the tongs rapidly from one to another until the 
threads are disengaged. The grief stem and swivel are then hoisted until clear of 
the lower portion of the joint, then lowered and stood on end in one corner of the 
derrick, or lowered into a “rat hole” made by rotating two joints of 8-in. pipe under 
the derrick floor " The hook is then disengaged from the swivel bail, and the casing 
elevators placed on the Imok in its stead. Meanwhile, a joint of drill stem has been 
brought into the derrick from the pipe rack with the aid of a casing carriage. The 
elevators are lowered, clamped under the collar on one end of the joint and the joint 
is raised until it hangs vertically in the derrick. After removing the protecting collar 
on the new joint of pipe, and doping the threads thoroughly, it is carefully lowered 
into the open collar of the portion of the stem supported by the slips in the table. 
Tongs are then applied to the new joint, first by hand methods and finally with the 
aid of the power, connecting a jerk line from the handle of the tongs to one of the 
cat heads on the draw works. When the new joint has been securely attached in 
this manner, the weight of the stem is transferred from the tal>le to the crown block 
by hoisting the stem for a short distance and removing the slips. The stem is then 
lowered until the collar of the new joint is about 2 ft. above the table. The slips are 
again placed in position, and the stem lowered until the slips take hold. The ele- 
vators are then disengaged and removed from the hoisting block hook, before engag- 
ing the bail of the swivel. If the hook is large enough, the elevators may be left on 
the hook. The swivel and grief stem are then raised until clear of the derrick floor, 
swung to the center of the derrick and, after doping the joint, gently lowered until 
the lower qnd enters the collar on the upper end of the new section of drill pipe. 
Application of the tongs and slightly raising the stem until the slips can be removed 
from the table, completes the work. The pumps are then started, the stem is lowered 
until the bit is a few inches off bottom, the drilling bu.shings are placed back in the 
table and drilling is resumed. This procedure is followed with each joint of pipe 
added to the stern, except that at every third or fourth joint (depending upon the 
height of the derrick and the preference of the driller) a tool joint is used instead of 
the usual pipe coupling. 

Replacing a Dulled Bit. — When slow progress indicates that the bit has become 
dull, the entire stem must be withdrawn from the well and unscrewed into “thrible" 
or “fourble” stands of three or four joints respectively; that is, the stem is broken 
at each tool joint. The pumps are shut down, the rotary table disengaged from 
the power and the tools hoisted un<jl the joint at the lower end of the grief stem 
emerges above t})e table. This joint is unscrewed by application of the tongs as 
described above, the swivel and grief stem placed in one corner of the derrick, or in 
the "rat hole,” and the elevators substituted for the swivel on the hoisting block 
hook. The elevators are next lowered until they can be clamped under the tool 
joint on the upper end of the stem projecting above the table. The stem is then 
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hoisted in the derrick until three or four joints of pipe have passed the table and 
the next tool joint emerges. The slips are dropped into place around the stem, 
the latter is lowered slightly until the slips take hold, the table is locked and the tool 
joint is broken. The disconnected section of drill stem, now suspended on the 
elevators, is swung over into one corner of the derrick and lowered until the lower 
end rests on the derrick floor. Meanwhile, the derrick man has been sent up into 
the derrick and has taken his place on the thrible board or fourble board (depending 
upon whether three- or four-joint stands are in use), which places him at an elevation 
level with the top of the stand. The derrick man guides the upper end of the stand 
into its position of rest against the fourble board or the thrible board, and disengages 
the elevators. The elevators are then lowered, a hold taken under the tool joint 
on the upper end of the next joint, and the process is repeated until the entire stem 
is disconnected and the bit emerges from tbe well. 

With a skilled rotary crew, this work of drawing out and uncouiding the stem 
proceeds with clock-like precision. Each of the five men constituting the crew has 
a definite part to perform. The driller controls the engine, and the draw works 
clutches and brake. Three of his helpers work on the derrick floor about the rotary 
table in manipulating the pii)e tongs, elevators and sli])s, and in swinging the lower 
end of the stands to their position at one side of the derrick. The part of the derrick 
man has already been described. As much as a thousand feet per hour of 6-in. drill 
stem, connected in 3-joint stands, can readily be withdrawn and uncoupled in the 
manner described, or at the rate of one stand every 3 min. A skilled crew can uncouple 
drill stem even more rapidly than this for short periods of time, but the work is tir- 
ing and fraught with some danger to the crew and to the equipment unless carefully 
performed. Hence undue haste is not encouraged. 

When the bit emerges from the well, the table bushings must also be removed, and 
while out of their usual position, the opening through the table should be covered 
to prevent anything from falling through. The possibility of the bit droi)ping through 
the table opening as it is unscrewed from the drill collar must be guarded against 
particularly. After unscrewing the bit from the collar, a sharpened and properly 
gaged bit is substituted, and the new bit must then be lowered to bottom by coupling 
the sections of drill stern together again, a proce.ss precisely the reverse of that out- 
lined above for withdrawing it. Each joint is “doped” before the stands are coupled 
together. 

Drilling with the Rotary Tools. — As the rotary bit revolves on the 
'‘formation in the bottom of the well, its effect will vary with the amount 
of pressure applied. If there is insufficient pressure on the bit, it will 
slide or drag over the rock face, loosening grains or fragments of material 
only occasionally, so that progress will be slow; the bit will be rapidly 
dulled and will lose its gage. If, on th(^ other hand, too much pressure is 
applied, the bit will embed itself in the rock to such a depth that it cannot 
cut itself free, and will chatter up and down as it revolves. Excess of 
pressure on the bit throws so severe strain on the cquipmtint at such times 
that breakage of the bit or a twist off of the drill stem is very likely to 
occur. Furthermore, the hole is apt to be crooked. With the proper 
pressure on the bit, iho tool is forced to embed itsedf in the formation, 
just enough to permit of its chipping away the rock in small fragments 
as the stem revolves. Under such conditions there will be a minimum 
of grinding action and the maximum footage wdll be obtained. 
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It is apparent that the most 'effective pressure will vary with the 
character of the rock and the size of the bit, the harder rocks and the 
larger bits requiring the heavier pressures. Table XIV indicates 
recommended pressures for Hughes cone bits in three common 
types of hard rocks, and for a variety of sizes of drills. Being based on a 
straight-line relationship, the pressure can be reduced to a certain amount 
per inch of diameter, which varies from 1,000 to 1,600 lb. in the three 
type. rocks listed. These figures are the result of experimental work on 
a large scale conducted by the Hughes Tool Company. 


Table XIV. — Recommended Bit Pressures for Use with Hughes Cone Bits* 




Pressure to be placed on bit 



Size of 
bit, in. 

Revolu- 
tions per 
minute 

Moderately 
hard sand- 
stone, lb. 

Hard lime, 
lb. 

Granite or 
basalt, lb. 

Gallons 
of mud 
per 

minute 

Size of 
drill 

stem, in. 


50-70 

4,200 

5,300 

6,700 

10 

3 

5H 

50-70 

5,700 

7,400 

9,100 

40 

3 


50-70 

6,200 

8,000 

9,900 

25 

4 

ry* 

50-70 

7,700 

10,000 

12,300 

60 

4 . 

SVi 

45-65 

8,500 

11,000 

13,600 

85 

4 

m 

45-65 

9,700 

12,600 

15,500 

130 

4 

lOH 

45-65 

10,500 

13,600 

16,800 

no 

6 

12 

30-50 

12,000 

15,600 

19,200 

160 

6 

13H 

30-50 

13,700 

17,800 

22,000 

240 

6 

16 

30-50 

16,000 

20,400 

25,600 

340 

6 

18 

30-50 

18,000 

23,400 

28,800 

440 

6 


* From pamphlet published by Hughes Tool Co. 


In the case of the commonly used fishtail bit, the heaviest duty will 
fall on the corniirs, the circular arc of movement of any point on the cut- 
ting edge increasing directly with its distance from the center of rotation. 
Furthermore, the corners are subjected to contact with the walls as well 
as with the bottom, and the wear will always be greatest at these points. 
Probably the bit always revolves with more or less eccentricity as a result 
of deflection of the drill stem, inequalities in the texture of the rock in the 
bottom of the hole or small differences in the form of the cutting wings. 
With the usual rotary eqhipment, the driller can only guess at the 
amount of pressure on the bit and must base his control of the apparatus 
largely upon what his experience has taught him is proper for the particu- 
lar hardness and kind of rock in which the bit is working, and for the depth 
and size of the hole being drilled. He is able to form some opinion of the 
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working pressure on the bit by the action of the drill stem and by the 
resistance to his downward pressure on the hoisting drum brake lever. 
He must adjust the speed of the engine to accord with the pressure applied 
and with the size of the bit used — a large bit under heavy pressure 
requires slow speeds, while with a small bit a low pressure or a rapid 
rotation of the drill stem produces best results. Drilling speeds range 
from 25 to 75 revolutions of the stem per minute. 



Fia. 88. — HuKhes’ weight iiulioator. 


Computation of the weight of the drill stem at varying depths and 
comparison with the figures given for the proper pressure on the bit in 
Table XIV^ indicate that at shallow depths the total weight imposed on 
the drilling tool will be somewhat below the pressure specified, while at 
greater depths the total weight of the stem will be greatly in excess of 
that necessary. The heaviest grade of 6-in. drill pipe averages approxi- 
mately 30-lb. per foot, including collars and tool joints. A 0-in. swivel 
will weigh approximately 900 lb.; a 6-in. by 28-ft. square grief stem, about 
2,900 lb.; a drill collar, say 150 lb.; and a 12-in. fishtail bit, about 200 lb. 
Adding these figures together, for a column of drill pipe with bit and 
equipment of the sizes indicated, we obtafti a total weight at 250 ft., of 
about 11,400 lb.; at 500 ft., about 19,000 lb.; at 1,000 ft., about 34,000 
lb.; and at 3,000 ft,, upwards of 94,000 lb. These weights will be reduced 
about 15 per cent by the bouyant force of the fluid in the well, and 
to some extent also by contact with the walls of the well. Even if we 
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ignore these corrections, however, it’ will be apparent that there will be 
insufficient weight on the bit for best results when drilling in sandstone 
requiring a pressure of 1,000 lb. per inch of diameter (12,000 lb. for a 
12-in. bit), even if the full weight of the stem is imposed, until a depth 
of something more than 250 ft. is reached. But at greater depths, 
the weight increases rapidly until at 3,000 ft. only about one-eighth of the 
weight of the stem should be permitted to bear on the bit. This means 
that the driller must so control the hoisting drum brake that seven-eighths 
of the load is borne by the crown block. It is apparent that a sensitive 
hand on the brake lever is necessary to bring about a proper distribution 
of load; good judgment in engine speed is equally important. 

The Hughes weight indicator* has been designed with the purpose of giving the 
driller an actual measure of the weight imposed on the bit at all times. It is nothing 
more than a heavy spring balance attached to the dead line of the hoisting cable 
(see Fig. 88). The actual tension in the line to which the indicator is attached, of 
course depends upon the number of lines rigged between the (Town block and the 
hoisting block. The dial is graduated to give direct readings in pounds pressure on 
the bit, for 4- and 6-line riggings. Simple calculations based on readings taken 
with the 4- and 6-line scales will give the pressures for any other number of lines. 
With 4 lines, a maximum of 50,000 lb. of drill stem can be weiglied; with 6 lines, 
75,000 lb.; with 10 lines, 125,000 lb. The accuracy of the apparatus wdien used intel- 
ligently under field conditions is within 5 per cent. 


THE CIRCULATING SYSTEM AND ITS CONTROL 

Much depends upon a proper control of the circulating system in 
rotary drilling. Prompt n^moval of the material loosened by the drill, 
proper mudding action on the walls to prevent caving, and on high- 
pressure gas and water sands to prevent ‘M)low-outs,^^ and a reliable 
record of the formation penetrated by the drill— all are matters of prime 
importance which dej)end upon satisfactory operation of the circulating 
system. 

The circulatiTig medium, as we have seen, is a mud-laden fluid which, 
under the propulsion of pow^erful pumps, flows down through the drill 
stem, sweeps under the bit and carri(^s the drill cuttings to the surface 
through the annular space between the walls of the well and the drill 
stem. At the surface it overflows into a* wooden flume in which the coarse 
material is settled out, before the mud is again taken uf) by the suction 
for further circulation through the w^ell. During its i)assage from the 
bottom of the well to the surface, the mud sweeps over the rock surfaces 
forming the walls of the well,* penetrates small fissures and pore spaces 
between the grains of porous rocks, depositing clay in these openings, 
thus effectively preventing admission of high-pressure gas and water to 
the well and giving greater stability to the walls. It is evident that in 

* Manufactured by Hughes Tool Co., Houston, Tex. 
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these processes results will vary wi^h the nature and consistency of the 
mud-laden fluid, with the rate of flow and with the pressure applied. 

Mud Mixing Methods. — The source of the mud to be used in circulating the well, 
and the method of preparing it, must receive careful attention. Not all clays will 
serve the purpose — at any rate, some kinds are better than others and if best results 
are to be obtained the clay must be thoroughly 
mixed with water to form a fluid of fairly uni- 
form characteristics. Furthermore, there must 
be a considerable surplus of both water and 
clay ready for use in case of necessity for 
replacing fluid lost by absorption, or for 
suddenly thickening the well fluid to *‘kill”a 
high-pressure gas sand. 

Usually a clay of proper characteristics will 
be found in some near-by clay bank, and can 
be hauled in wagons or trucks to the site of the 
well; but occasionally it must l:)e transported 
for a considerable distance. Often, if argilla- 
ceous strata are encountered in drilling, the 
well will furnish its own clay after a start has 
been made. 

The clay may be mixed with the necessary 
amount of water by simply shoveling it into 
the mud pit and stirring occasionally with 
shovels or hoes, or it may be mixed with the 
aid of the drill by shoveling the dry clay into 
the well; but a better plan is to use one or 
another of the several types of mechanical mud 
mixers. These may be had from the oil well 
supply dealers in the form of a wooden box Fig. 89 . — Mud mixing miichiiie. 
equipped with either a vertical or horizontal 

paddle shaft, driven by a chain from a sprocket on the line shaft on the draw works 
(see Fig. 89). The equivalent made up of odds-and-ends to be found around any oil 
property is easily assembled. Some operators mix mud with steam jets placed in 
the mud pit or in a specially constructed mixing box, in such i way as ‘to violently 
agitate the fluid. Laboratory tests have shown steam-mixed miuls to have a slower 
rate of settling than mud mixed by mechanical devices.* 

The mud ditch is usually a wooden launder about 2 ft. wide and 100 ft. in length, 
built around two sides of the derrick, with several right-angle turns. The joints are 
filled with pitch or asphalt to prevent leakage. The greater part of the length of the 
ditch is about a foot deeper than the outlet, thus allowing space for tiie accumulation 
of sand. The slope should be only about 1 ft. between the two ends, so that the mud 
flows sluggishly. A recent improvement in design provides large rectangular settling 
boxes at each right-angle turn. The mud discharges directl}^ into the mud pit, a 
timber-lined pit with vertical walls, about 8 by 12 ft. in cross-section and 5 to 6 ft. 
deep. Frequently an ordinary mud pond with eloping earthen embankments is used 
for storage of fluid. The screened ends of the pump suction lines are well immersed in 
the fluid in the pit. 

* Fagin, V. A., and Vance, H. J., Uses and properties of mud-laden fluids in rotary 
drilling, a Thesis prepared under the direction of the author. University of California, 
May, 1923. 
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Removal of sand from the fluid after it leaves the well and before it is returned to 
the mud pit is essential for best results. Sand in the fluid pumped into the well causes 
wear on the pump linings and valves and on the drill stem, is instrumental in freezing 
casing and drill stem and greatly reduces the plasticity and wall-building properties 
of the clay. While the mud ditch is fairly effective in removing the larger particles 
of sand from the fluid if kept clean, much of the finer sand passes through the ditch 
into the mud pit and is returned to the well. Some operators avoid difficulty as a 
result of this, by occasionally discarding the fluid and mixing new, but a more econom- 
ical plan would seem to be to devise a means of effectively removing the sand. One 
California operator has developed a revolving cylindrical screen, placed over the mud 
ditch, through which all fluid must pass, the screen being revolved by the fluid. 
Efforts have also been made to adapt the sorting tube and hydraulic classifier used in 
ore dressing operations to the work of separating the sand from the mud. 

Physical Properties of Mud-laden Fluid Used in Rotary Drilling. — The muds used 
in actual practice vary widely in the percentage of clay and in the physical properties 
of the clay. The type of clay best suited to the work is one which has a slow 
rate of settling, a high specific gravity and a low viscosity. These conditions are 
best fulfilled by an unoxidized (gray, blue or green) clay, free from sand or other 
coarse material. Some clays when mixed wdth water apparently possess colloidal 
properties and remain in suspension for long periods of time without appreciable 
settling. Nevertheless, a large percentage of solid may be present, and the specific 
gravity of sand-free mud may range as high as 1.45. It is found that these colloidal 
clays arc more finely divided than ordinary clays, and for the amount of solids con- 
tained have an unusually high viscosity. Coarse sands therefore settle less rapidly 
and effectively in such mixtures than through ordinary muds. A small amount of 
alkali added to the clay-water mixture will greatly increase its colloidal properties, 
while acids and neutral salts have the reverse effect.* 

Careful tests made on typical mud-laden fluids used in rotary drilling in the Cali- 
fornia fields have shown specific gravities ranging in most cases from 1.10 to 1.25 
(9K to 12 lb. per gallon) and Engler viscosities ranging from 1.3 to 4 at 20°C. 
Increase in temperature has but slight effect on the viscosity of these mixtures, tending 
to reduce the viscosity somewhat. In general, oxidized clays (red, yellow and brown 
clays) are found to settle at a more rapid rate than the unoxidized material, though 
there arc apparent exceptions to this statement. The unoxidized clays also have a 
much greater absorptive capacity for water, and it is suggested that this property of 
clay in the dry condition be used as a means of selecting one clay in preference to 
another for rotary drilling purposes. Typical testa show good clays to have 30 times 
the absorptive capacity of poor clays. Some good clays will absorb more than 2.5 
times their dry weight of water.* 

At times when it is necessary to deal with unusually high pressures, the amount of 
solid clay pumped into the well may exceed the amounts indicated above, but in such 
cases the surplus solid material settles rapidly and is not regarded as a permanent part 
of the mud fluid. The fluid may, of course, be thickened temporarily to any desired 
degree by stirring more clay into the fluid in the mud pit, the only limitation being 
that imposed by the ability of the pumps to handle the mixture. 

Action of the Mud-laden Fluid on Porous Rock Faces. — The extent to which the 
mud fluid will deposit clay on the rock walls of the well will depend upon the percent- 
age of clay present in the fluid, its colloidal condition, the rate of flow, the pressure and 
the condition of the walls. It has been shown in the previous section that a certain 
proportion of the clay tends to remain in permanent suspension, and this ordinarily 

* Montgomery, C. II., and Christie, L. G., Properties of mud-laden fluids, a 
Thesis prepared under the direction of the author, University of California, 1920. 
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will not be deposited. Any clay deposited oto the walls of the well must be in addition 
to th6 amount which! remains permanently in the fluid. Accordingly, when it is 
particularly desired to deposit mud on the walls of the well, the driller thickens the 
fluid in the mud pit. More clay must be continually added if the mudding process 
is to be continued, for the fluid will soon drop its surplus clay and come to a condition 
of equilibrium. It should be noted that the volume of clay necessary to plaster the 
walls of the well will vary directly as the diameter of the hole. That is, the wall area 
exposed, per foot of depth, in a 12-in. hole is double that of a 6-in. hole. Deposition 
of mud on the walls of the well is greatly aided by the plastering action of the eccen- 
trically revolving drill stem. 

The amount of clay carried by the fluid in this condition of equilibrium varies with 
the nature of the clay (as explained above), and also with the rate of flow. The 
amount of clay that may be carried in the well fluid without deposition increases as 
the velocity of flow increases, a factor directly dependent upon the speed and capacity 
of the pumps and upon the cross-sectional area between the drill stem and the walls of 
the well. It follows that if heavy deposition of clay is the object sought, the speed of 
the pumps must be reduced until a suitable rate of flow is attained. If a slush pump 
delivers 100 gal. of fluid per minute through a G-in. stem working in a 10-in. hole, the 
rate of flow as the fluid ascends through the well will be about 44 ft. per minute. 
With a 4-in. stem in a 7-in. hole and the same delivery capacity of the pump, the rate 
of flow will be about twice as great. The fluid will carry a much higher percentage of 
clay at the higher speed without deposition than at the lower. By varying the speed 
of the pumps, a nice adjustment of the rate of deposition to suit any condition imposed 
is possible. 

The pressure maintained upon the fluid is also a factor in determining the rate 
of deposition, since it is only by excess of pressure in the well fluid, in comparison 
with that in the formations penetrated, that the fluid is able to enter the formation. 
When drilling in porous rocks, there is a measurable loss of volume in the well fluid 
which can only be accounted for on the assumption that the porous rock has absorbed 
the lost volume. When mud is absorbed by the formation, the clay undoubtedly 
follows the water into the crevices and pores of the rock to some extent. As it does 
so, however, the openings through which the mud flows gradually become clogged, 
until eventually they become impervious to the passage of fluid and the formation is 
effectively sealed. The extent to wdiich clay penetrates the rock will undoubtedly 
vary with the porosity of the rock and the excess of pressure applied. Experiments 
conducted by Knapp^ indicate that the mud is deposited primarily on the wall surfaces 
and that penetration seldom exceeds 1 or 2 in. Tests made by the Standard Oil 
Company of California, ^ however, have shown a penetration of as much as 12}^ in. 
with a pressure of 1,200 lb. per square inch. In close-grained rocks, the clay deposit 
is probably almost entirely on the rock surface, but with the more porous rocks it 
seems reasonable to expect that it penetrates to a distance of at least several inches. 
In strata thought to be traversed by well-developed channels, the mud has in some 
cases appeared in wells several hundred feet distant from that into which it was 
pumped, proving that a considerable and fairly rapid migration through the forma- 
tion is possible under favorable conditions. Ix)ss of fluid during circulation is a 
direct measure of the pressure conditions within, and the poroSity of, the strata 
penetrated; and drillers are in the habit of watching the depth of fluid in the mud 
pit as an indication of the nature of the rock in wRich the drill is working. 

Effective application of the circulating fluid in controlling high-pressure gas, 
oil and water sands encountered in drilling depends not only on its ability to seal 
the pores of the rock, but depends also upon the hydrostatic pressure that can be 
applied to prevent a blow-out. Here density of the fluid is important, the hydro- 
static head at any depth increasing directly with the specific gravity of the fluid.* 
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The use of mud-laden fluid in controlling high-pressure wells is to be discussed in 
greater detail in Chap. X. 

The pressure which must be applied by the pumps to maintain circulation through 
the well is a measure of the resistance to flow encountered. This increases directly 
with the depth of the well and with the volume of fluid pumped, and inversely with 
the cross-sectional area between the stem and the walls of the well through which 
the fluid must flow. The actual pressure developed at the pump will seldom exceed 
150 lb. per square inch, and tlie maximum volume of fluid handled will be about 300 
bbl. per hour. 

Action of the Circulating Fluid in Removing Material Loosened by the Drill. — 

Effective action of the circulating fluid in removing the drill cuttings depends chiefly 
upon its rate of flow, but also upon its density and viscosity, and the density and 
size of the material loosened by the drill. A sand particle temls to sink in water at a 
rate which increases with its size and density, the rate of sinking being an expression 
of the difference between the weight of the sand particle and that of an equal volume 
of water. In mud, the particle will sink more slowly because of the greater density 
and viscosity of the fluid, but its movement is still governed by the same physical 
laws. If now we are to raise this falling particle by giving upward motion to the fluid 
through which it is sinking, it is obvious that we must circulate the fluid at a more 
rapid rate than that at which tlie particle sinks, and that the net upward movement 
of the particle will be reiiresented by the difference between these two rates of move- 
ment. Hence, when the (dreulating fluid in the well ascends with the cuttings from 
the drill, the latter are constantly sinking through the well fluid, but they rise to the 
surface because the fluid rises more rajiidly than the cuttings sink. It is clear, how- 
ever, that small jiarticles will rise more rapidly than large partich's of the same 
specific gravity, and that for jiarticles of the same size, those having the lower specific 
gravity will have the more rapid rate of upward movement. In other words, the 
circulating fluid exercises a selective action on the material loosened by the drill, 
and it is conceivable that at a certain rate of circulation, with variable sizes of particles 
in the well, the coarser and heavier material might remain in the well, only the lighter 
and finer particles reaching the surface. 

Wliile this action of the fluid is altered to some extent by eddying or jetting through 
restricted ojicnings, it should be recognized as a factor in calculating the time neces- 
sary for samjiles of a iiarticiilar stratum to reach the surface (see jiage 179), and in 
determining the speed of the pumps necessary to keep the bit free from sludge. 

Rate of Progress in Rotary Drilling. — The footage advanced within a 
given period of time when using the hydraulic rotary equipment will 
depend chiefly upon the character of the formations piuietratcd, the 
diameter of the well and the type and condition of the bit used. With 
the fishtail bit, drilling in an 11-in. hole in soft sandstones, a progress of 
from 100 to 200 ft. in 24 hr. is not unusual, and under exceptionally 
favorable conditions, when drilling in soft clays and shales, as much as 
300 ft. have been drilled in one day. The footage atlvanced will vary 
with depth because of variation in the time spent in withdrawing and 
replacing the drill stem in cha^nging bits. Figure 57 indicates conserva- 
tive average rates of progress with rotary tools in the oil fields of Cali- 
fornia. With the Hughes cone bit, drilling in hard limestone, footages 
of 15 to 18 ft. per hour have been attained. The ability of the bit to 
hold its cutting edge is an important matter in relation to drilling speed, 
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on account of the time consumed in replacing a worn bit. The average 
speed that can be maintained over a period of weeks or months depends 
upon other matters than the efficiency of the drilling bit, and is often 
considerably less than the figures given above would indicate. Perhaps 
40 ft. per day for depths up to 2,000 ft. would be an approximate average 
rate for all conditions met with in practice. Occasional fishing jobs are 
to be expected, and casing and cementing operations often interrupt 
the drilling routine for a time. In spite of such interruptions, however, 
it is not uncommon in the San Joaquin Valley region of (California to 
complete a 2,500-ft. hole in less than a month from the time drilling is 
begun. 

Identif3ring Formations and Gathering Log Data with the Rotary 
Equipment. — The rotary driller recognizes changes in formation by the 
action of the drill stem, the rotary table and the circulating pump. On 
withdrawing th(‘ drill st(‘m from the hole, evidence concerning the nature 
of the material fx'iiet rated is also to be gained from the condition of the 
drilling ])it. An examination of the drill cuttings brought to the surface 
by the circulating fluid and deposited in the mud ditch will indicate 
more definitely the lithological characteristics of the material in the 
bottom. Table XV gives th(^ mechanical reactions and physical appear- 
ance of th(‘ circulating fluid for each type of rock ordinarily encountered 
in sedimentary forrmations.* 

Progress in d('p1h is estimated by the moveimuit of the drill stem 
through the rotary table. Th(‘ h^ngth of rotary drill pipe below the 
rotary table is definitely known at all times by steel tape measurement, 
and the grief stem is usually marked at 12-in. intervals as a further aid 
for the driller in determining the depth at which each change in character 
of the formation is encountered. 

In order to corn'late the sam|)les obtained from the circulating fluid 
with t.h(‘ riu'chanical rc'actions of the drill, it is necessary to determine 
approximately the time n(‘cessary for the circulating fluid to transport 
material from the bottom of the hole to the surface. This is a function 
of the speed and delivery capacity of the mud pump, the depth and 
diameter of the hole and the diameter of the drill stem. The delivery 
time may be computed with fair accuracy if these variables are known, 
and can be readily checked by placing a quart or two of red paint or 
some distinctively colored dye in the pump suction and noting the time 
necessary for it to trav(d through the drill vstem and bacHc to the surface. 
The time necessary to n^acdi bottom — which must of course be deducted 
from the round trip time to determine the (!elivery time from the bottom 
to the surface — can be d(*finitely determined if the delivery capacity of the 
pump, the length and internal diameter of the drill stem are known. 

* CoLUOM, R. K., Prospecting and testing for oil and gas, U. S. Bureau of Mines, 
Bull. 201, p. 101, 1922. 
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Table XV. — Mechanical Reactions And Physical Appearance op the Circu- 
lating Fluid for Various Sedimentary Rocks in the Process op 
Rotary Drilling* 


Tieid and for- 
mation 


Action of pump and tools 


Midway Field, 
California: 
Hard sand . . . 


Loose sand 


Sandy shale. 


Soft shale. 


Pump runs with low pressure, 
sand takes some fluid; tools 
jump. 

Pump runs with low pressure; 
frequently takes mud; neoes- 
sary to thicken fluid; when 
bit is stopped and set on bot- 
tom, sand can be sluiced out 
with mud stream, causing 
tools to plunge. 

Pump runs with low pressure; 
digs like sand, but with bit set 
on bottom cannot sluice out 
any hole below it. 

Pump runs with medium pres- 
sure. I 


Hard shale. . 


Clay 


Shell . . . . 
Sea shells 


Northern Lou- 
isiana fields 

Hard rock . 

Hard shell. 

Hard lime- 
stone.... 

Sand (hard 
and soft). 

Shale .... 


Gumbo 


Chalk .. . 
Gypsum 


Salt 

Southern Okla- 
homa: 

Shale, various 
colors 

Sandy shale.. 
Gumbo 


Clay I 

Limestones . 


Pump runs with more pressure 
than in sand; tools jump 

Ifigh pressure on pump, run 
thin fluid; pump sornotimes 
stalled; machinery runs 
smoothly with tension on tabic 
and chains; necessary to spud 
tools in order to clean the bit. 

Pump runs freely; tools, chains 
and tables jump 

Pumps run freely, unless in 
clay. 


Pump runs slowly with low 
pressure. 

Run without much steam pres- 
sure; cuttings easy to handle 

Run with nearly full head of 
steam, pumps handle cuttings 
without spudding but have to 
work hard 

Run pump with full head of 
steam; even then continual 
spudding needed to mix cut- 
tings enough to allow free 
returns. 

Run pumps with full head of 
steam; does not ball up; some- 
times have to spud. 

Does not take much steam pres- 
sure; pump cun be run slowly; 
gypsum balls up on point of 
bit and retards progress, but 
has no effect on pump 

Drills slowly; returns not hard 
to handle; no effect on pump. 


Tools run smoothly, medium 
pump pressure; drills fast. 
Tools run 8 moothI 3 ^ chain “set- 
tles down;" drills fast 
Tools run in jerks; high pump 
pressure; hard to drill; driller 
has to reverse engine and 
spud tools to clean bit. 

Tools run smoothly; easy drill- 
ing; high pump pressure. 
Tools jump and jerk when cut- 
ting; low steam pressure; hard 
to drill. 


Cuttings 


Hand shows in ditch with 
thin mud. 

Sand shows in ditch with 
thin mud. 


Fragments in ditch with 
thin mud; streaked sam- 
ples on tools 

Small fragments in ditch; 
soft chunks on bit, with 
streaks upon breaking 

Shows in ditch in small 
flakes and chunks, very 
little sticks to bit. 

Change of color is the only 
showing of clay formation 
in the ditch; plenty of 
clay sticks to the bit. 


Small fragments show in 
thin mud in ditch. 

Fragments and some per- 
fect specimens show in 
ditch. 


Cuttings show in ditch in 
thin mud. 


Cuttings show’ in thin mud 
in ditch. 


Fragments show in ditch 


Will ball up and shut down 
pump; no show except 
color in ditch 


Small fragments of hard 
chalk in thin mud 

Shows in flakes or small 

E articles in thin mud; 
alls up on bit. 


Small particles occasion- 
al ly. 


Fragments show in thin 
mud. 

Fragments show in mud 
like shale. 

No show in ditch other 
than color; sticks to tools 


Balls up on bit; no sarnple- 
in ditch other than color 
Fragments in ditch occa- 
sionally 


Effect on bit 


Bit badly worn with only 
IH hr. drilling in hard 
sand. 

Does not cut bit appre- 
ciably. 


Cuts bits considerably. 


Cuts bit very little. 


Cuts bit badly. 


Docs not cut bit. 


Cuts bit badly. 
Do not cut bit. 


Wears bit badly atrd to 
all shapes. 

Wears bit badly and to 
all shapes. 


Docs not wear bit appre- 
ciably. 


Does not wear bit appre- 
ciably 


Does not wear bit badly; 
hard streaks wear bit. 

Docs not wear bit appre- 
ciably 


Does not wear bit appre- 
ciably. 


Does not wear bit appre- 
ciably. 

Wears bit more than 
shales 

Docs not cut bit. 


Does not wear bit appre- 
ciably. 

Wears bit and reduces 
its gage. 


After R. E. Collom in U. S. Bureau of Mines, Bull. 201. 
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Actual delivery times vary from a few minutes to as much as 2 or 3 hr. 
(see Fig. 90). 

The mud ditch through which the well fluid flows from the well to 
the sump in which the surplus is stored, is usually equipped near its 
upper end with riffles or depressions which serve to settle out and 
impound the coarser material. Samples useful in identifying formations 
may readily be secured by shoveling some of this coarse material from 
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Time in Minutes 

(After J R Surnun and R. E. Collom) 

Fici. 90. — Time retjuired for cuttings to reach surface when using a 5^^-inch by 12-mch 
duplex pump, operating under OO-per cent efficiency. 

the ditch and washing thoroughly with clear water to remove the mud. 
If an uncontaininated sample from the stratum in which the bit is work- 
ing is desired, drilling is stopped but circulation is continued until no 
more cuttings are brought to the surface. The mud ditch is then shoveled 
out and drilling is resumed. At the expiration of the calculated time 
necessary for cuttings to reach the surface, they are looked for in Ihc mud 
ditch. »:k)me drillers use a large-size thread protector (from the open end 
of a joint of casing) in the trench as a means of impounding a sample. 
Color plays an important part in the identification of materials in the 
mud ditch, ('lays and shales will usually be so finely pulverized by the 
drill that the color impartc'd to the circulating fluid by them is the only 
means of identifying one stratum from another. 

In some kinds of material, particularly clays and shales, drilling for a 
few minutes without circulation of fluid will ball up a mass of pulverized 
cuttings on the bit which is brought to th(j surface when the drill stem 
is drawn out. 

Because of the rapid progress made in soft formations, and the diffi- 
culty of recognizing slight changes in the nature of strata penetrated, 
the rotary method does not yield so reliable and complete a log as the 
churn drilling method. A body of rapidly alternating layers of shale. 
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sand and clay, for example, will usually be logged as a single stratum of 
sandy shale; that is, the rotary drill logs show fewer formation changes, 
and seemingly thicker beds. Mechanical difficulties in operation of the 
drill will often be interpreted as due to hard rock. The “bowlders’^ 
commonly found in rotary logs, for example, are in most cases, formed 
artificially by the action of the drill on hard strata and on bodies of shale. 

Rotary Core Drilling and Sampling Devices. — Uncertainty in the 
identification of finely pulverized returns from rotary drilled wells, so 
important in securing data for the well log, has led to the development 
of rotary core drilling devices, which secure either an uncontaminated 
sample or an actual unbroken core of the rock formation from the bottom 
of the well, so that it can be brought to the surface and closely examined. 
Most core drills are slow and somewhat unreliabh' in their action, and 
hence they are used only at such times as positive information concerning 
the material in the bottom of the well is desired. 

Two general types of coring devices are in use, one of which cuts and 
removes a solid core from the formation without disturbing the natural 
arrangement of the rock strata, while the other simply remove's a mass of 
drill cuttings uncontaminated by mud and well fluid. TIui latter is 
more properly termed a '^sampling devi(;e.’^ The fornu'r type is prefer- 
able since it gives better information concerning the rock structure and 
the dip of strata. 

Some coring devices extract a solid core 7 or 8 ft. in length, but' a 
core from (i to 24 in. long and 2 to in. in diameter will be adequate for 
most purposes. After cutting out a core of the desired length, the 
core drilling tool is removed from the drill stem and the ordinary form 
of drilling bit substituted. In a deep hole, the taking of a core will 
consume from 10 to 14 hrs., most of this time being consumed in drawing 
out^^ and ^4’unning iiU’ the drill stem. Because of the time lost in 
drilling progress, core sampling is expensive. 

While many different patterns of core sampling devices have been developed, they 
are very similar in general form and mode of operation. One of the simplest types 
that is commonly used consists of a piece of casing about 3 ft. long, on the bottom 
edge of which V-shajied notches or teeth are cut, either by machine methods or 
with the aid of the oxyacetylenc torch. The teeth may be “set” slightly to main- 
tain clearance, both on the inside and outside of the barn'l. 

The core barrel is screwed to the drill collar in place of the rotary bit, and is 
rotated on bottom until it has penetrated the formation to a depth equivalent to 
the length of core desired. As the core barrel is revolved and the teeth cut into the 
rock in the bottom of the well, the loosened material is forced upward into the barrel 
and retained by its frictional contact. When the desired sample has been drilled, the 
drill stem is raised a foot or two and dropped on bottom, thus bending the teeth inward 
to prevent the core from falling out of the barrel as the tool is withdrawn to the surface. 

When taking cores in hard rock, which are apt to be loose in the core barrel, some 
drillers drop small pieces of cast iron into the drill stem. On slightly raising and 
lowering the barrel a few times on the core, the iron fragments become lodged between 
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the barrel and the core, holding the lattef securely while it is broken off and with- 
drawn. Adamantine or chilled shot may also be dropped to the bottom before 
core drilling is begun, or pumi)ed down through the drill stem, to aid the bit by their 
abrasive action in cutting the rocky formation. 

Fig. 91 illustrates a formation sampler that has been successfully used by the 
Gulf Production Company in preference to all others.* The cutting end is equipped 
with a pointed lip, forged on the end of the core barrel as shown in the illustra- 
tion. It excavates soft material in much the same manner as an ordinary post hole 
auger. In drawing out the tools, the lip prevents the sample from falling out of the 
barrel. Holes must be provided in the swaged nipple and in the drill stem above 
the back pressure valve, to allow the circulating fluid to escape from the stem and 
from the barrel. 

In the simpler forms of sampling devices the core barrel must be slit on a planer 
or with the oxyacetylene torch, in order to extract the sample. Either method of 
course destroys the core barrel, so that a new one must be used for each sample 
taken. The heat generated by the oxyacetylene torch is occasionally sufficient to 
alter the appearance of the sample, so should be avoided if other methods of removing 
it are available. 

Of the maTiy devices designed for securing actual solid cores of the formation 
penetrated by the well, none ap])ears as yet to have received general approval, and 
none stands out as distinctly superior in action to others. Tn the case of hard rock, 
the problem of coring is relatively easy, and unbroken cores of considerable length 
are readily obtained. Softer and less thoroughly cemented rocks do not usually 
yield a continuous, unbroken core of any great length, and the material withdrawn 
in the core barrel is in many cases in no better condition for examination than it 
would be if taken with the sampling devices described above. 

, The Okell rotary core barrel, which has been used with some success in securing 
large cores from the soft formations of the California fields, consists of a plain piece 
of pipe with one or more grooves cut in the lower end at an angle of about 45 deg. 
with the vertical axis.’ Small fragments of steel are used as an abrasive in cutting 
the core, the angular slots continually carrying the abrasive material from the sides 
of the hole to the cutting edge. 

Some operators have l>e<*n using a ilevice for coring soft formations, in which 
the core barrel is incorporated in the center of a fishtail bit; that is, the fishtail bit is 
bored out at the center of rotat ion to receive a core barrel which may extend through 
the shank of the bit and as far into the drill stem as the length of core desired may 
require. The Knapp core barrel is of this type (see Fig. 92). This device* con- 
sists of a fishtail bit, A, with shank bored out to receive the core barrel, H, which is 
made of 2- to 4-in. pi]>e. The bit is connected to the drill pipe, C, by a drill coupling, 
B. A special drill coupling, D, supports and swivels the core barrel, and is provided 
with vent holes to equalize pressure on the core. The tube E, leading to the core 
barrel, is retained in position by a shoulder F in the bit, and by a ring, G. The core 
barrel, H, is swaged to fit a smaller sized coupling at its upper end, the latter being 
also connected with a swivel pipe. A', supported by a ball bearing ring, L. A stuffing 
box, O, and back-pressure valve, J, prevent the circulating fluid, from entering the 
core barrel, forcing it to flow through perforations in the coupling, D. 

A California oil company has developed and successfully applied the coring 
device illustrated in Fig. 93. t This consists of a crown bit with replaceable teeth, 
attached to a heavy shoe, which is in turn connected by a substantial steel pipe to a 

* CoLLOM, R. E., Prospecting and testing for oil and gas, IJ. 8. Bureau of Mines, 
Bull 201, p. 119. 

t The Elliott and Spongier core barrels, widely employed in the fields of southern 
California, are of somewhat similar type. 
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drill collar on the lower end of the rottfry drill stem. An inner core barrel, sup- 
ported between shoulders on the shoe and drill collar, receives the core, and split 
corrugated slips supported in a recess in the shoe immediately above the bit pre- 
vent the core from falling out. A relief valve at the upper end of the core barrel 
permits fluid to cscajic into the drill stem as the core enters. Circulating fluid passes 




(After J. R Surnan 
and R E. Collom) 


Fig. 91. — Sampling 
device used by Gulf 
Production Co. 



Explaniition of key-letters used in Fig. 92 

A = 6" fish-tail bit. 

R = drill pipe coupling. 

C = 6" drill pipe 

D — Coupling supporting and swiveling 
core barrel 

E — 4" pipe forming lower end of core 
barrel 

F = Shoulder in “A” to prevent " E'* 
from falling through. 

(i = Ring preventing *'E" from being 
forced upward. 

II = Main core barrel of 4V^" pipe 
swaged to 2 > 2 " at top. 

J, s= Back-pressure valve. 

K s= Swivel pipe 

L » Perforated annular ring supporting 
core barrel 

M — Ball bearing supporting core barrel. 

N — Coupling supporting swivel pipe 
and core barrel. 

O = Stuffing-box, 

P = Head through which core barrel 
IB vented to the ascending fluid. 

R — A perforated follower holding "P" 
in place. 


(After R E. Collom in U. S -if. 
Mines Bull 201). 

Fig. 92. — Knapp core barrel. 


between the outer and inner tubej for the full length of the core barrel, and is dis- 
charged directly under the bit through the water courses provided, thus preventing 
overheating of the bit and core.* 

* Barnes, R. M., Notes on core sampling in connection with rotary drilling, 
Sumlmary of Operations, California Oil Fields, vol. 6, no. 12, p. 16, June, 1921. Sixth 
Annual Report of the California State Oil and Gas Supervisor. 
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The speed of drilling will largely determine the character of the core. The 
advance should be fairly rapid— from 2 to 6 in. per minute in most rocks. The 
full weight of the drill stem should not be permitted to bear on the cutting tool, 
except, perhaps, in drilling the last few inches, when it may be permitted to do so in 
the hope of plugging the lower end 
of the barrel with crushed material so 
that the core will not fall out as the 
tool is withdrawn from the well. 

Some coring devices must operate 
under great pressure from the drill 
stem, and without the usual supply 
of circulating fluid, the fluid being 
permitted to escape from the stem in 
most cases through holes bored at 
some distance above the bit. This 
results in considerable ovcrlieating of 
the bit and of the core; often sufficient 
to vaporize any oil that may be pre- 
sent, and even to fuse some of the 
minerals.* This can only be pre- 
vented by drilling slowly and avoid- 
ing excessive pressure on the coring 
device. The hole must usually be 
undcr-rearned after coring. 
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(After R E Barnen, California State 
Dept of (hi and Gatt) 

Fio. 93.- -“Oil Fieldb — Holland’ 


S Ou/er Cuf/ers 
'Crvarn B// 

Mxnxnu Bureau, 


core barrel. 


COMPARATIVE ADVANTAGES 
AND DISADVANTAGES O F 
ROTARY AND CABLE SYSTEMS 
OF DRILLING 

Having studied in some detail 
in the foregoing pages the equip- 
ment used and the methods 
employed in drilling by both 
the standard cable and rotary 
systems, the reader is now in a position to consider intelligently 
their . relative advantages and disadvantages. There has been much 
discussion of this subject among people interested in the production of 
petroleum since the rotary method began to assume importance as a 
competitor of the cable tool system. During the earlier yearh of rotary 
drilling there was considerable distrust of the method, and numerous 
arguments were advanced against its use, chiefly by drillers trained in the 
use of the cable tools, who naturally disliked a process so radically different 
from that which had been used since the early days of the industry. 
At first the method was thought to be chiefly Applicable to certain peculiar 
conditions prevalent in the fields in which it was first successfully applied, 


* Case, J. B., Notes on use of core barrel with rotary tools, Summary of Operations, 
California Oil Fields, vol. 7, no. 9, Mar., 1922. Seventh Annual Report of the Calx- 
fornia Oil and Gas Supervisor. 
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but as its use was extended to other fields and the records achieved by it 
became known, the rotary came to be accepted as a real competitor of 
the older method. Within recent years it has been gaining rapidly in 
favor, until today we find it used to some extent in almost every oil region 
in the United States, and in many fields it is now used exclusively. How- 
ever, the cable tool method is still widely used, approximately 100,000 of 
the 109,000 wells drilled in the United States during the period 1914 to 
1918 being drilled by cable tools. Improvement in design and the 
development of hard-rock rotary bits and rotary core drilling devices have 
been largely responsible for more extended use of the rotary equipment 
within the last 5 years. 

When the two methods are impartially compared it is at once evident 
that the rotary has certain definite advantages that make it preferable 
under ordinary conditions. It is more rapid, and because of this it 
operates at a lower cost per foot and secures production within a shorter 
space of time. By its use, strings of large-diameter pipe may be carried 
to great depths with minimum loss of working diameter and at a con- 
siderable saving in the cost of casing. It has been found possible to drill 
through great depths of unconsolidated sands and shales with the rotary 
under conditions that are practically prohibitive for the cable tools. It 
is simpler — much of the technic that required years of exi)eri(uicc for the 
cable driller to acquire is unnecessary in rotary drilling. To be sure, 
successful operation of the rotary equipment requires a tecdinic of “its 
own, but it will be generally admitted that it is easier to ac(juir(‘ the art 
of rotary drilling than to become a skilled cable driller. TIk' rotary 
operates fairly continuously, without interruption for bailing, and with a 
fewer number and a smaller variety of fishing jobs. Use of the circulating 
fluid provides a means of controlling high gas and water pressures often 
encountered in drilling for oil, and makes possible the carrying of open 
hole to great depths; so that the well does not have to be cased until the 
particular size of hole being drilled is completed. Furthermore, there is 
greater freedom of the casing in the well, and the landing depths and 
water shut-ofifs can be more definitely planned and the work carried 
forward with greater certainty of completion according to predetermined 
schedules. Action of the cable tools is severe, often fracturing the walls 
so that they cave readily. The hole drilled by the rotary, on the other 
hand, is clean cut, with a minimum of fracturing of the walls, and the 
hole is necessarily always round so that the casing passes freely through. 

While there is much to be said in favor of the rotary method of 
drilling, there arc some disatlVantages that favor the cable method under 
certain conditions. Probably the greatest disadvantage that can be 
urged against the use of the rotary is the difficulty encountered in deter- 
mining the character of the formations penetrated. It is essential that 
accurate data for the well log be secured, and in many cases the drilling 



ROTARY DRILLING METHODS 


185 


returns brought to the surface in the sludge with the rotary equipment 
arc so finely pulverized and contaminated with mud that they cannot be 
definitely classified. The color of the sludge, the presence or absence 
of sand and grit, effect of the formation on the bit and the manner in 
which the drill stem, table and mud pump behave, are about all that the 
driller has to work on in securing data for the log. With the sandstones 
and harder rocks it is possible to secure a fairly good sample which can 
be washed free of mud from the mud ditch, but the presence or absence 
of argillaceous material in the formation can only be surmised since it is 
usually so finely ground that it is inseparable from the circulating fluid 
when it reaches the surface. With the cable tools, on the other hand, it 
is possible to get a fairly definite idea of the nature of the rock in which 
the drill is operating by an examination of the material brought up by 
the bailer; and often large fragments of the material will be found adher- 
ing to the bailer or to the drilling bit when it is withdrawn. The dis- 
advantage of th(^ rotary in this respe(;t promises to be overcome in the 
near future by the more general use of rotary core drilling devices which 
give the driller an actual sample of the material in the bottom as it occurs 
in place. 

Another disadvantage freciuently urged against the use of the rotary 
is that the circulating fluid us(‘d tends to seal off the sands encountered, 
commercial oil sands being sometimes mudded off so effectively that the 
op^^rator drills through them without becoming aware of the presence of 
oil. This is a particularly serious criticism in the drilling of pioneer 
wells in a new field, or wherever the exact depth of the oil sands to be 
encountered is uncertain. Even in partially developed fields where the 
position of the productive sands is definitely known, the oil sand faces 
exposed in the well are frequently so clogged with mud that the well never 
attains normal j)roductivity. Many irregularities in the productions of 
adjacent wells can be explained on this basis. Such difficulty, however, 
is largely due to unskilful drilling, or failure to sufficiently wash out the 
clay after com})letion of the well, and is therefore not a logical argument 
against th(^ use of the rotary method. It is also claimc^d by some pro- 
ponents of the cable method, that if the oil sands are under low gas 
pressure, considerable water may be permitted to enter from the well, 
partially flooding the sand and reducing its normal productivity. It 
seems probable, however, that the mudding action of the circulating fluid 
would prevent any great quantity of fluid from entering the oil sand. 
Furthermore, it should be readily drained from the area about the well 
by a few days of pumping after the well is\;ompleted. 

While many drillers will question this statement, it is probable that 
rotary holes are more frequently crooked than wells drilled by cable 
methods. However, crooked holes may be largely eliminated by more 
careful drilling methods, particularly by the use of lower bit pressures. 
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Unless hard-rock bits are available, the rotary makes very slow 
progress in hard sandstones and limestones. The fishtail bit is rapidly 
dulled in such rocks and much time is lost in withdrawing and replacing 
the drill stem in changing bits. The cable tools may be withdrawn from 
a 3,000-ft. hole in 5 min., but 3 hr. are necessary to remove a rotary bit. 
Use of the Hughes cone bit and other hard-rock bits will partially offset 
this disadvantage of the rotary, however. 

The rotary equipment has a greater first cost than a cable tool rig, 
and if the hole to be drilled is a shallow one, the additional cost of the rig 
will offset any advantage which the rotary may possess in reduction of 
casing expense or cheaper unit drilling cost. A standard cable rig has a 
much lower daily operating cost because of the fewer number of men 
employed, and because it requires less power; hence, unless the rotary 
equipment can show a marked superiority in footage drilled, its advantage 
from the standpoint of unit cost is lost. 

Water supply and transportation are troublesome factors in some 
regions. Here again the standard method has the advantage, the 
equipment being more readily transported and requiring considerably less 
water for drilling and steam-raising purposes. 

Summarizing the arguments given above for and against each of the 
two methods of drilling, it would appear that the rotary method is 
superior when the oil-producing strata lie at considerable depth and their 
position is definitely known ; when the formations to be penetrated consist 
mainly of soft and moderately soft rocks; and when formations contain- 
ing high-pressure gas are expected. The standard cable method, on the 
other hand, is preferable in drilling wild-cat wells where the geological 
conditions and stratigraphic sequence are uncertain, and where accurate 
information for the well log is especially important. The cable tools 
are generally preferred if any great thickness of hard rock is to be pene- 
trated, or where the productive horizons are found at shallow depths. 
Cable tools are often used in finishing wells drilled primarily with rotary 
equipment, particularly if the oil sands arc under low pressure, because 
of the danger of mudding off the productive strata by use of the latter 
method. 


Combination Rigs and Methods 

With a view toward securing the best features of both the rotary and 
cable tool methods of drilling, many operators prefer what is called a 
combination rig,” which includes all the essential eciuipmcnt pertaining 
to each of the two methods, under one derrick. The rotary equipment is 
then used when it seems best adapted to the conditions to be met, and 
when the cable tools are preferable they will be rigged and made promptly 
available. In some combination rigs, the rotary and cable tools are 
arranged to work simultaneously. 
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The usual form and arrangement <Jf the combination rig is illustrated 
in Fig. 94. It will be noted that there is no change in the position of any 
of the parts of either the rotary or cable tool equipment. Two engines 



{Redrawn with additions, from National Supply Co *s Catalog No. 30). 

Fig. 94. — Plan and elevations of California type combination rig, 106 ft. high. 
Note: Oiip or more platforms with railings (not shown in (Rawing) are ordinarily provided around 
the outside of a California dernek for the safety and convenience of the derrick man. The crown block 
is also customarily surrounded by a suitable platform and railing. See. Fig. 95. 


are necessary if the two systems are to be used alternately, but in the 
California fields, where the combination rig is most used, it is usual to 
provide only one engine, only a short time being required to shift the 
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engine from one position to the other when a change in the method of 
drilling is desired. The cable tools can readily be operated through the 
opening in the rotary table, using the slips in the latter instead of a casing 
block. However, it is a simple matter to move the rotary table out of 
the way temporarily if necessary. One end of the hoisting (;able may be 

attached to the hoisting drum of 
the draw works, and the other to 
the calf wheel shaft, so that the 
hoisting blocks may be raised or 
lowered from cither end. The calf 
wheel is more powerful than the 
hoisting drum, because of its 
greater diameter and slower move- 
ment, and is therefore preferred in 
handling casing. 

The derrick used is often 106 by 
24 ft., the size generally employed 
in rotary drilling.* The require- 
ments irnposc'd by the rotary equip- 
ment (k^termine the size and weight 
of the combination rig, a rig heavy 
enough for rotary drilling having 
ample strength for any strain' im- 
posed in cable drilling. However, 
it is customary to use a heavy 
derrick with ample bracing. Cer- 
tain slight changes in the arrange- 
ment and number of the sheaves 
in the crown block arc necessary. 

Other arraiiRcmPiits of the p(iuipm(*nt in ii combination rip; liave been siigRostcd 
and ai)plied. One design places the draw works uiuh'r the walking beam near the 
Samson post, driving the draw works by a chain from a sprocket on the band wheel 
shaft. In this case, one engine may be use<l and the calf wheel may be dispensed 
with, using the hoisting drum of the draw works to manipulate casing when cither 
system of drilling is employed. Occasionally the Samson jiost is pivoted so that 
the walking beam may be swung to one side, out of the way of the rotary drill stem 
and swivel. 

In another type of combination rig, known as the Parsons and Barrett rig, the 
rotary table is placed at the bottom of a 20-ft. cellar, and is used to rotate a string 
of casing, on the bottom of which a rotary cutting shoe is mounted. The casing is 
'suspended on a swinging spider and the cable tools are operated on the beam through 
a swivel-jointed circulating head, somewhat similar t,o that described in connection 
with the standard ‘'circulating” system. The circulating fluid used to remove the 
sludge overflows from the well m the bottom of the cellar and is carried off to a sump 
in a connecting tunnel. A small pump lifts the fluid from this underground sump 
to a mud pit on the surface. Two separate engines are necessary, one for the rotary 

* Recent deep drilling in the fields of southern California has led to the use of 
higher derricks, 122 by 24 ft. being a common size. 



Fig. 95.— Californiji type cornbinution rig, 
10(j ft high. 
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table and one for the cable tools. Both the rotary shoe and the cable drilling tools 
are operated simultaneously at the same depth. The apparatus seems unduly com- 
plicated and expensive both in first cost and operating cost, and except for a possibly 


I Pofary Afb/e 

Z hf/tnq sprocket 

3 C^ff-vifheel bTi^ke tever 

4 Calf- wheel dutch peetat 

5 S/ush pumps 

6 Drtve cham to rotary table 

7 Clutch control roots 

8 Outer jack post 

9 Samson post 

10 Calf wheel post 

II Calf-wheel 

12 Catf wheel dutch-sprocket 

13 Calf- wheel dutch 




(After F. W. Zietjlf’r, Cal St Mitnng Bureau, Dept of Oil and Gas) 
Fig. 96. — Light combination rig used for shallow drilling. 


greater drilling speed, has no apparent advantages. So far as is known by the writer, 
it has not been employed on other than an experimental basis. 
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A method of adapting light rotary equipment to use under a 90-ft. cable tool 
derrick and rig has been developed in the Midway field of California.* The pro- 
ductive horizon in a portion of this field lies at a comparatively shallow depth (900 ft.), 
and consists of thick (350 ft.), loosely cemented sands very diflicult to penetrate 
with the cable tools because of their tendency to cave. The rotary equipment is 
well adapted to drilling in this material, but the building of a rotary rig and derrick 
for the drilling of such shallow wells makes operations costly. In the method devised, 
the upper part of the well is drilled with the cable tools in the usual manner, until 
the overlying formations arc cemented off immediately above the oil sands. A 
rotary table is then placed over the hole, with the sprocket side of the table toward 
the slush pumps (see Fig. 96). A calf wheel sprocket tug rim is bolted to the band 
wheel over the inside tug pulley, and is used to operate the rotary table by means of 
a long drive chain supported at the center by an idling sprocket wheel suitably 
mounted a short distance above the derrick floor. The engine is moved up close to 
the band wheel and the flywheel is removed, making the engine more sensitive to 
control and eliminating the jerky movement resulting from the use of a long belt. 
The drill stem is raised and lowered by a hoisting block rigged with three sheaves, 
both ends of the hoisting cable being attached to the calf wheel shaft, thus giving 
high hoisting speed. The calf wheel clutch is controlled by a foot pedal at the 
driller’s position. Two slush pumps, a mud mixing tank and a settling trough are 
added to the cable tool equipment when the rotary table is to be used. Rigging 
the rotary equipment as described occupies a little more than 2 days of daylight work, 
for three rotary crews. A number of wells have been drilled with this equipment at 
a lower cost than is possible with either the standard or rotary methods operating 
alone, and the wells are completed in two-thirds of the time necessary with cable 
tools. 


DIAMOND DRILLING FOR OIL 

For many years, the diamond drill was considered inappropriate 
for use in drilling for oil, though it had found extensive use in prospecting 
for the metals, for coal and for other non-metallic products. Probably 
the chief reason for this belief was the fact that the earlier types of 
diamond drills were incapable of drilling holes exceeding 2 in. in diameter 
— too small for efficient oil production in the event that oil was 
encountered. In recent years the diamond drill has been further 
developed, and heavier models capable of drilling holes of larger diameter 
have been introduced and used to some extent in drilling for oil. 

The diamond drill is equipped with an oinnular steel bit on the cutting edges of 
which are set a number of black diamonds (bort). I'he bit is mounted on the end of 
a drill stem made up of “rods” of flush-jointed, square-threaded steel tubing in 10-ft. 
lengths, and of a diameter somewhat smaller than the bit. The stem has a smoother 
surface and is more slender, in comparison with the hydraulic rbtary drill 
stem. The drilling bit and stern are revolved at a speed of from 200 to 400 revolu- 
tions per minute by means of sh 3am-engine driven, beveled gearing (see Fig. 97). 
The rods are gripped by a chuck which is free to revolve, and yet may be moved 

* Ziegler, F. W., Method used by Chanslor-Canfield Midway Co. in drilling 
wells in the North Midway Oil Field, California, Huinmary of Operations, California 
Oil Fields, vol. 7, no. 7, Jan., 1922. SeverUh Annual Report of the California State 
Oil and Gas Supervisor. 
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vertically either upward or downward by* a direct-connected piston in a cylinder, 
actuated by hydraulic pressure. In effect, the hydraulic feed device is equivalent 
to an hydraulic jack which carries the weight of the rods and yet allows them to 



(Sullivan Machinery Co., Chicago). 

Fig. 97. — Sullivan diamond drill used in deepening 4,()00-foot well, Signal Hill Field, Cal. 


revolve freely. This apparatus gives a more iK>sitivc and delicate control of the 
movement of the drill stem than is possible with the draw works of the hydraulic 
rotary. A small power-driven hoisting drum equipped with a steel cable aids in 
withdrawing the drill and stem from the hole, while a derrick, varying in height with 
the depth and size of the hole to be drilled, provides 


the necessary support for the hoisting sheave and for 
the rods as they are withdrawn. 

Water is pumped down through the drill stem with 
the aid of a reciprocating, steam-driven pump and a 
swivel connection on the top of the stem. The circulat- 
ing fluid flows out into the hole through the bit, and 
rises to the surface between the drill stem and the 
walls of the hole, carrying the pulverized drill cuttings 
to the surface and keeping the bit free of accumulated 
material. The bit is of such form (see Fig. 98) that 
it cuts a solid core out of the center of the hole, the 
resulting rock core being received and retained by a 



Fiu. 98. — Diamond drilling bit. 


core barrel placed within the drill stem, just above 

the bit. When a depth of hole equal to the length of the core barrel has been 
drilled, the bit and rods must be withdrawn from the hole and the core removed. 
A complete series of cores of the formation penetrated may thus be secured. Pul- 
verized material cut by the bit in maintaining its exterior and interior clearance is 
considerably finer than the cuttings obtained with the hydraulic rotary. Occa- 
sionally the diamonds in the bit must be reset or replaced by new stones, though with 
proper care the wear is slight in most sedimentary rocks. 
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The chief field of the diamond^ drill in the petroleum industry will 
probably be found in exploration and prospecting work, where geological 
information is desired rather than a well through which oil may be effi- 
ciently produced. Because of its speed and economy, the diamond drill 
offers what is often the most inexpensive means of determining whether 
oil is or is not present under a given location. Furthermore, it provides 
the geologist with an actual core of the rock formations penetrated, show- 
ing the material just as it occurs in place; and by proper measurements 
the cores may even be oriented with respect to the compass, so that 
the amount and direction of the dip of the strata may be approximately 
determined. Such information is invaluable in prospecting for oil. 
And when it is remembered that in this work many dry holes must be 
drilled for every one that results in discovery of oil, it is apparent that 
the loss which results through inability of the small-diameter diamond 
drill hole to produce oil economically is, after all, a small matter. Fur- 
thermore, the diamond drill hole may be reamed to a 50 per cent greater 
diameter at small cost if production is secured. The primary purpose 
of the wild-cat well is to secure information, not to produce oil, and if this 
principle is recognized, the diamond drill is probably better adapted to 
the work than any othc'r, (‘spc'cially in the drilling of dcH'p and moderately 
deep holes. 

While it is generally conceded that tlu; diamond drill is not well 
adapted to the drilling of oil wells in cases where a means of producing 
oil from a known oil deposit is the objective, there are notable exceptions 
which seem to indicate that under favorable conditions wells might be 
economically drilled for production by this method. For example, in 
the Panuco field of Mexico, a well was drilled with a diamond drilling 
outfit which was brought in with an initial production of 1,200 bbl. per 
day and subsequently successfully operated as a producing well.^* The 
well was drilled to a depth of 2,153 ft. and was finished with a minimum 
diameter of 3;'’ « in. (Jas pressures in excess of 750 lb. per squares inch were 
encountered. The drilling speed, using th(‘ diamond bit in hard rock, 
averaged 75 ft. per day, but it is probable that double this footage could 
be maintained with a skilled crew and a longer core barrel than the 
13-ft. barrel which was used. This well was completed in less than 90 
days, though the average time of drilling to production in the district, 
with cable tools, is 5 mo. The cost was about 60 per cent of the current 
contract price in the field. About 85 per cent of the core was extracted. 
So successful was this experiment with the diamond drilling equipment in 
the Panuco field, that the P&nuco-Boston Oil Company, for which the 
well was drilled, immediately authorized the drilling of a second well by 
the same method. Other diamond drill holes have been drilled for oil in 
the fields of Canada and Burma and in the Argentine. Further testing 
of the method is being conducted in the fields of southern California. 
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THE COST OF DRILLING 

The cost of drilling will vary widely, depending upon the depth and 
nature of the formations to be penetrated, the method of drilling used; 
the skill of the drillers employed, the diameter of the hole and the casing 
requirements. Costs are also largely influenced by fortuitous circum- 
stances. The accidental loss or breakage of a tool in the well, or collapse 
of the casing, a blow-out of high-pressure gas resulting in loss of control 
or an unsuccessful water shut-off, may result in greatly increased unit 
costs. Cost data therefore are of little value for comparative purposes 
unless the complete drilling history of the well and a thorough description 
of the formations penetrated are made available. Published data on 
drilling costs seldom do this; indeed, few operators take the trouble to 
record such information. 

The costs of labor, lumber, steel and other materials, of transportation, 
water and j)ower suj)ply are also important variables. Aside from 
regional variation, the unsettled commodity markets and readjustments 
in wage scales have had an important influence or drilling costs within 
recent years. The cost of drilling in 1920 was approximately twice 
that of 1913 in most American fields as a r(‘sult of such changes (see 
Table XVI). 

Table XVL — Comparative Unit Drilling Costs, 19i;i to 1920, California 

• PlELBS 

Stnmhrd Cnhle Drdlituj Co.s^s. — Cost in doIJjirs i)or foot for 6 different jiropertiea 
operated by a large company in the Sunset (California.) field. Average depth of 
wells about 2,000 ft. 


Year 


Property 

No. ’ 




- - 

1 



— 


1913 

1914 

1915 

1910 

1917 

1918 

1919 

1920 

1 

10 S4 

11 13 

11.40 

13 04 

15 48 

17 52 

18 :i5 

19 25 

2 

1 9 85 : 

10 29 1 

10 75 

: 12 25 

14 08 1 

10.89 ; 

17.72 

1 18 04 

3 

10. 30 , 

10 05 ' 

10 90 

12 47 

14 80 i 

10.75 

17.55 

1 18 41 

4 

; 11.40 

11 80 

12 19 

! 14 02 

10 09 1 

19 03 ; 

19.90 

1 20.86 

5 

1 10.08 

11.15 

11 05 

■ 13 28 

15 91 I 

18.31 

19 21 

20 20 

6 

' 10 44 i 

10.81 i 

11 17 

12 84 

15 29 ; 

17 43 

18 28 

1 

' 19 11 

1 


The figures given in Tables XVII, XVIH, XIX and XX, on the cost 
of drilling, must be regarded as representing merely the cost of particular 
wells under the conditions pertaining, and they should not be applied 
except in a very general way in estimating costs for other wells drilled, 
perhaps, under quite dissimilar conditions. It will be noted that casing 
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Table XVI. — Comparative Unit DriiSlino Costs, 1917 to 1919, California 

Fielps (Continued) 

Rotary Drilling Costa. — ^Average costs for a large company operating in the San 
Joaquin Valley (California) fields. 


District 

Year 

Total 

footage 

Cost 
per foot 

Cost of opera 
one string 
tools for 1 r 

Coalinga 

1917 

70,800 

$16.00 

$ 8,600 

Coalinga 

1918 

80,400 

21.20 

11,100 

Coalinga 

1919 

44,900 

1 24.68 

10,275 

Sunset 

1917 

165,500 

I 12. .55 

9,860 

Sunset ... 

1918 

143,000 

14 29 

9,820 

Sunset 

! 

1919 

84,300 

17 42 

9,120 



{After M. L. Requa). 

Fig. 99. — Graphs showing average cost of drilling and equipping'oil wells, San Joaquin 
Valley Fields, California, 1914. 


is generally the greatest single item of expense in the cost of a well, while 
the labor cost and the cost of the rig and derrick are the only other items 
of comparable magnitude. Fig. 99 indicates the average cost of 
drilling to various depths fot a group of several hundred wells drilled 
chiefly with cable tools, in the San Joaquin Valley fields of California 
prior to 1914. The lower of the two graphs represents the bare cost of 
drilling and permanent well equipment, while the upper graph includes 
also additional tankage, gathering lines, electrical equipment, etc. 
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A convenient method for roughly estimating drilhng costs involves 
the use of per diem rates for operating expense, and average rates for 
drilling speed, cost of derrick and equipment and casing. Thus, for 
average conditions in the San Joaquin Valley fields of California, in 1920, 
the following approximate figures could be applied; 


Cadlk Tools IIotahy 

Average cost of rig and derrick $4 , 500 .00 $5 , 750 . 00 

Cost of operating rig, per day 52 00 118.50 , 

12H in.. 50 lb. 10 in., 40 lb in , 32 lb. QH in., 40 lb. 

Casing cost, per foot $3 30 $2.45 $2.00 $1.40 

The average time required in drilling to the estimated depth can be 
approximately determined from the graphs given in Fig. 57. The figures 
to be used, of course, would vary with the locality, and would have to be 
adjusted from time to time as commodity prices and wage scales varied. 

Many operators find it profitable to have their wells drilled under 
contract, the contractor furnishing everything necessary except the rig 
and derrick, water, power, casing and fixed equipment. Under the 
contract, the well is drilled at a specified rate per foot, so that when this 
practice is followed, it is possible to estimate in advance the cost of the 
well to the producer with fair precision. It is also customary to contract 
cementing and well shooting jobs, in the former case at a flat rate per job 
(3J250 in the California fields), the contractor furnishing labor and 
cementing equipment, and in the latter case at a certain rate per quart 
of nitroglycerin used. Rig building is often contracted to concerns or 
individuals specializing in such work. 

A considerable part of the rig, drilling equipment, boilers, etc., may 
be salvaged when the well is completed, not being necessary after it is 
placed on production. Estimated first cost of the wc^ll may be reduced 
by from 10 to 15 per cent if such salvage is taken into consideration as 
is proper if the material and equipment removed may be used in drilling 
other wells, or has a definite sales value. If the well is a dry hole and 
the casings can be pulled and the engine, boilers, rig and derrick removed, 
a much greater reduction will result — often as high as 30 per cent of the 
first cost. 
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Table XVII. — Cost op Drilling Four Wells, Coalinga Field, Standard Tools, 

1913 * 


Depth of Ml oil 




1,330 ft. 

2.083 ft. 

1 2,485 ft. 

2,830 ft. 

Derrick and riK*. 

Labor, grading 

1 

'$ 

20 00 

$ 15 65 

1$ 8.90 

$ 20.00 

Lumber, naila, bolts, eto 


1,126.00 

1,303.21 

1,421.34 

1,593.64 

Rig irons 


495 42 

495 42 

495.42 

690.00 

Teaming... . 

i 

137 . 75 

72 20 

66.38 

160.00 

Planing mill, matonul and labor (oak arms, eiiritR, 




etc.) . 


85.50 

84.55 

111.60 

120.25 

Machine shop work on bolts and rods ... 

! 

l.SO 

2 75 

7.60 

12.50 

Labor, building rig, including placing rig irons. 

j 

265.00 

265 00 

295.00 

250.00 

Total, derrick and rig 

iS 

2,131 47 $ 2,238 78 

$ 2,406 24 

$ 2,842 39 

Rigging up: 




General supphes, including lumber, line pipe, engine I 





and boiler fittings, bnok, lime, and sundry fitting.s 

678 71 

$ 537.90 

$ 533 43 

$ 743.34 

Teaming . 


87 . 90 

61 00 

87.67 

100 00 

Shop work . 


12 75 

11.751 

22.40 

60 00 

Labor 

1 

566 20 

605.63 

587.06 

594.30 

Total, rigging up 

'$ 

1,315.56 

$ 1,216 28 

$ 1,231.16 

$ 1,503.64 

Engines and boilers: 

Maintenance covered by general drilling expenses 
charged below 

! 

1 

Removed on completion of well, and replaced by 

1 





gas engine as below. 






Drilling: 

Belts 

$ 

87.73 

$ 175.46 

$ 228.27 

$ 159 29 

Bull ropes. 

1 

44.20 

1 65.50 

1 69 30 

63.68 

Casing . . . 


5,316 73 

8,562.50 

1 10,481.10 

13,567.84 

General supplies . 


660 25 

1,439.61 

1,205 23 

1,443.93 

Machine shop work . . 


142 45 

363.951 

318 60 

447.55 

Teaming 


189 47 

320 98 

268 12 

509 85 

Labor (including installing tubing and pump.s) 


2,081 30 

4,244.77 

3,987.45 

! 3,748.80 

General drilling expense, including drilling lines, 
upkeep of tools, proportion of drilling super- 




intondent's salary, etc 


1,820 00 

3,600 00 

3,000 00 

3. 640.00 

Total cost of drilling 

|S10,342 13 

$18,772.77| 

$19,558 07 

$23,640.94 

Fuel: 

Natural gas used (no cost) 


1 

! 

Water 

$ 

120 00 ! 

:$ 120 00,$ 180 00 

665 00 i 665 00 

$ 180 00 

Gas engine: 

One 25 hp , . 


665 00 

665 00 

Labor, installing and fitting 


66 71 

66.71 1 

88 30| 

88 30 

Total fuel 

$ 

731 71 

$ 731 71 ;$ 7.53 30 

$ 753.30 

Labor : 

Removing steam engine and boilers 

$ 

20 00 

1 

$ 20 00 $ 20.00 

$ 20 00 

Tubing . 


400 30 

400 ,30 1 

799.201 

799 20 

Rods . 


122 40 

1 122 40, 

243 00 

243.00 

Puinp.s 


20 22 

20 22i 

24 51 

24 51 

Tankage . . 


327 50 

327 50 1 

327 . 50 

327 . 50 

Grand total 

$15,561 2n| 

$23,969 96 j $25, 542 98 

$30,334 48 

Total cost per foot 

$ 

11. 7o; 

$ iriOiS 10 28 

$ Tfos 

Actual working time (diivs) 


80 i 

160 

149 

175 

Feet per day . 


16 6 

1 

13 o; 

1 

16.7 

16 2 


• After R P MoLiiuKhliti in Bull (59, Califorriiu §ttite Mining Bureau 




T.^le XVIII. — Cost of Drilling Wells with Cable Tools 
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Table XIX. — 1920 Rotary Drilling Costb, Elk Hills Field, California, 

Depth 2,910 Ft. 




Total 

Cost 



cost 

per ft. 

Derrick and ng 


$ 5.768 

$ 1.98 

Casing: 




2,760 ft ; 11 in. m S3.68 per ft 

$10,156 



2,700 ft., 8H in. iai $2.19 per ft 

5,913 



210 ft., 8H in. $2.29 per ft 

1,936 



Two guides 

65 



Total casing 


$18,070 

$ 6.21 

Cement, 200 sacks 


270 

.09 

Tubing. 2,910 ft. ® $.44 


1,280 

.44 



170 

.06 

Tanks, flume, etc 


527 

.18 

Total cost well equipment 


$20,323 


Boilers (3) 


$ 839 

.29 

Casing line, 1,200 ft 


250 

.09 

5,000 ft. 0. P Hough (lumber) 


275 

.10 

Hotary and engine repair parts. , , 


800 

.27 

Prorated charges on movable equipment. ... 

. . . . 

$ 2,164 


Oil and distillate ... 


$ 170 


Packing. . .... j 

180 

.53 

Miscellaneous materials 


1,200 


Materials and supplies 


$ 1,5.50 i 


Storehouse expense (8 per cent of .store’s cost). . . 


$ 1,92.5 I 

.60 

Hauling 


2,000 

.69 

Light and water 


800 

.27 

Tool rental 


1,4.50 

.50 

Cementing (Perkins) ... ... ... 


250 1 

09 

Distributed expense 


6,425 ! 

. ! 


Labor; 




Rotary crew, 100 days (m $118 ,'iO 


$11,850 

4.07 

Setting boilers . . . 1 


500 

.17 

Setting flow tanks and flumes. ... 



100 

; .03 

Miscellaneous labor, bit dressing, etc . . . I 


1,2.50 i 

' .43 

Superintendence ... . 


1,850 1 

1 

j .64 

Total, labor and superintendence. . 


$15,550 


Total cost . . 


$51,780 

$17.79 
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Tablb XX. — Cost of Dbiluno with IfoTABT Rio m Midwat Field (3,277-ft. 
Well, 10-in. Casino), 1913 


Derrick and rig; 

Lumber (106-ft. derrick) 

NbiIb 

Bolts 

Corrugated galvanized iron 

MisoellaneouB 

Klg irons 

Overhead expense on material 

Labor 

Shop work 

Teaming 


Total cost 


Cost per ft. 


$1,067.76 
28.04 
24.80 
124.37 
2.10 
580. 14 
73.90 
283.06 
145.03 
453 98 


Total, derrick and rig 

Engines and boilers; 

Engine 

Boilers (3) 

Foundations and settings. 

Pipe and fittings 

Labor, erecting ... 

Belts 

Tanks and flume 

Lumber, foundation and flume framing . . . 
Sump hole 


$ 2,783.18 


$ 290 07 
1,305 00 
54.90 
425 48 
150 00 
96.66 
196.46 
16 22 
100.00 


Total, engines and boilers 

Drilling: 

Labor (drillers, toolies, circulator men) 

Ijabor, extra (rigging up and pulling casing) ... . 


$7,002.51 
487 03 


2,631.79 

7,489.54 


Drill tools 

Drill stems and joints 

Depreciation on tools, machinery, stem bits, etc. . . 

Cordage 

Casing, 10-in. (2,850 ft ) 

-in. (3,277 ft.) 


Electricity . . 

Repairs (engine, rig and boilers) 

Oil, waste and packing 

Sundries; overhead material and superintendence, shop work, tools 

and machinery, ice, hose, miscellaneous 

Teaming 


Casing, 6'^^ 
Fuel (gas) 
•Water 


$ 523 96 

3,760 00 
2,909 08 
6,59.84 
5,007.86 
2,442 31 
106 00 
730 09 
58.74 
476.58 
100.30 

2,052 63 
1,846.54 


Total, drilling 

Fishing: 

Rental and loss of tools 

Labor in fishing 


$ 14 25 

245 00 


21 ,273 93 


Total, fishing 

Cementing (including finishing: well flowed); 

Tubing, 3,000 ft., 2t^ in 

Sucker rods (3,000 ft ), pump, etc 


$ 729 00 
266.70 


250.25 


Total, cementing. 


995.70 


Grand total 

Total cost per foot 

Casing cost per foot. 

Total labor cost per foot 
Drilling labor cost per foot. 

Working time 

Rate per day 


$35,436 30 
$10.86 
2 28 
2 48 
2.14 
125 days 
26.2 ft. 


Average Cost of Drilling Wells in the California Fields, 1914 to 1919.* 
The U. S. Federal Trade Commission, as the result of a survey com- 
pleted in 1921,t estimates the average opst of drilling oil wells in the 
California fields during recent years, as follows: 

* The cost of drilling 4,000-ft. wells in the Santa F6 Springs and Long Beach 
fields of California, during 1922 has frequently been as high as $100,000 per well. 

t U. S. Federal Trade (commission, “Report on the Pacific C^oast Petroleum 
industry,” Pt. I, 1921. 
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Table XXL — Average Cost dr Drilling, California Fields 


Year 

No. of wells 
drilled 

Average 
depth, ft. 

! Cost per 
foot 

Cost per 
well 

Increase in 
cost per well, 
per cent 

1914 

175 

1 

2,047 1 

.!d0 .54 

$21,. 575 


1915 

124 

2,695 1 

10 70 

28 836 1 

34 

1916 

389 

1,941 1 

9 S3 

19,080 

12* 

1917 

465 

2,066 

12 22 

25 246 

17 

1918 

389 1 

2,194 

15 95 

34,994 

62 

1919 

364 

2,231 j 

1 

19 05 

42,500 

97 


* Decrease. 
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CHAPTER VII 


CASING, CASING APPLIANCES AND CASING METHODS 

Purpose of Casing.- -It is necessary to case wells drilled for oil for ‘ 
three reasons: first, to prevent the walls from caving and burying the 
drilling tools and well equipment; second to exclude water from the oil- 
producing formations; and third, to prevent waste of oil and gas, either 
into the atmosphere or through seepage into porous strata overlying the 
productive horizons. While some formations, particularly the harder 
sandstones and limestones, stand with vertical walls for depths of 
hundreds of feet and for long periods of time without casing of any sort, 
most of the soft(*r rocks, such as the sands, shales and clays, cave readily. 
In many cases it is impossible to drill more than a few feet ahead of the 
casing without endangering the tools. Water is not always found in 
quantity in the rocks overlying the oil-producing horizons, but when it 
does o(a*ur it is m^cessary to seal it off back of a column of pipe, care 
being taken* so to fill the spac(‘ around the bottom of the pipe that water 
dbes not find its way down into the oil sands. Water entering the oil 
sands in quantity is found to be detrimental to continued piroduction, 
and greatly lessens the ultimate recovery. In an uncased hole it is 
evident that gas and oil may escape from the well into porous dry strata 
and become dissipated through them so that complete recovery can 
never be effected. Furthermore, in an opcm hole it is impossible to pre- 
vent free es(;ape of gas and oil into the atinosphere at the well mouth. 
In order to avoid th(\se occurrences, practically all vvells drilled for oil 
arc cased with at least one column of pipe, and in many cases several 
telescoping strings are provided, one within the other, to make proper 
provision for water shut-off’s, and to adapt the well lining to the neces- 
sary changes in the diameter of the bore as depth increases. The cost 
of casing is usually the greatest single item of expense in the cost of an 
oil well, and the selection of pipe weights and sizes, the planning of the 
casing installation, and the insertion and manipulation of the casing in 
the well, are among the most important problems enco'untercd. 

Requirements of Oil Well Casing. — In order to serve the purposes 
outlined above effectively, the casing useef must be of adequate strength 
to resist the collapsing pressures to which it is subjected as a result of 
hydrostatic and earth pressure, and to resist “parting” or pulling apart 
under its own weight, or under extreme tension applied by pulling the 
pipe up when it is under considerable “friction” against the walls of the 
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well. Frictional resistance betweeA the casing and the walls is in large 
part dependent upon the design of the joints by means of which sections 
'of pipe are connected in the well. The type of joint used must be such 
that in addition to adequate strength it may be readily coupled and 
uncoupled when desired. When in the well, the casing should present 
as smooth a surface as possible, both on the outside and inside — on the 
outside to reduce friction between the metal and the walls of the well, 
and on the inside to prevent the drilling tools and other casings from 
catching as they are lowered through. The casing must be watertight, 
particularly if it is to be used in sealing off water, and it should — in so 
far as is possible — be made of a material that resists corrosion when in 
contact with saline ground waters. The material must also be hard and 
stiff enough to resist abrasion and distortion by contact with the rock 
walls of the well or the drilling tools. The walls of the pipe must be as 
thin as is consistent with the necessary strength, in order to avoid undue 
loss in effective working area within the well. Since considerable 
amounts of casing are necessary in oil field development, it must be avail- 
able at a price which will not be prohibitive. 

T3q)es of Casing. — A survey of the available materials, in view of the 
requirements of well casing as outlined above, indicates that wrought 
iron and mild, rolled steel are the only suitable materials to use. Cylin- 
drical pipe in sections about 20 ft. long, connected with screwed joints 
of various types, is the form generally employed, though a pipe made 
of iron or steel sheets riveted together (“stove pipe^^) is also widely used 
in wells of large diameter and at shallow depths. 

Screwed pipe may be had in a variety of sizes and thicknesses, and also 
with several different types of joints (see Fig. 100).® The collared joint 
is most used, and is generally preferred because of its greater strength, 
but it has the disadvantage that the collars project on the outside of the 
pipe, increasing the friction against the walls of the well, and reducing the 
effective working diameter. The inserted and flush-jointed types of 
screw casing are designed to overcome these difficulties, but are much 
weaker than the ordinary collared joint. 

The cutting of a thread on the end of a pipe weakens it by reason of 
the metal removed in forming the thread. A section of properly made 
pipe is always weakest at the base of the threads, for here the metal is 
thinnest. With the purpose of constructing screwed-joint pipe of uni- 
form strength throughout, some manufacturers are now making “upset- 
end'^ pipe, in which the metal is thicker at the ends by an amount equal 
to or greater than the depth off the threads (see Fig. 100). The additional 
metal is sometimes placed on the inside of the pipe (as in rotary drill 
pipe), but preferably on the outside if it is to be used for well 
tubing. Great loss of working diameter is characteristic of upset-end 
casings. 
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• 

Methods of Manufacturing Wrought Iron and Steel Pipe, — Screwed 
pipe used in casing oil wells is made by a process in which sheets of metal 
(skelp), of proper gage and width, are rolled into cylindrical form andthe^ 
edges welded to form a tube.® Either a lap weld or a butt weld may be 
used in the manufacture of steel pipe, but the former is stronger by reason 
of the greater width of contact at the scarfed edges, and is almost uni- 



■ Iiitornully upset rotary drill pipe. 


Extcrnalh'^ upset tubing. 



Oil well tubing and coupling. 

{Redrawn from lUuHtrationa in handbook 'published by hlatxonal Tube Co.) 

Fig. 100. — Types of joints used on oil well casing and tubing. 

versally used in the manufacture of oil well casings- ^ The butt weld is 
not used on pipe larger than 3 in. After welding, the tubes are passed 
through “cross-rolls” which straighten them and give them a smooth 
exterior surface, and are then allowed to cool slowly and uniformly in 
order to avoid internal strain. When cool, the rough ends are cut off and 
later threads are cut on each end. While not suitable for well casing, 
butt-welded pipe may be used for low-pressure water, gas and steam serv- 
ice and like purposes about the oil lease. The so-called “seamless” 


204 


PETROLEUM PRODUCTION ENGINEERING 


tubing, made by piercing a solid round billet longitudinally and rolling 
out the resulting thick-wallcd tube on a mandrel, is too expensive for use 
as a well casing, but is preferred because of its superior strength, for 
rotary drill pipe and boiler tubes. 

Properties of Material Used in Manufacture of Oil Well Casings. — 

The metal used in the manufacture of most oil well casings is a grade of 
soft or ''mild” steel, made by either the Bessemer or open-hearth process. 

^ Numerous tests made under a wide variety of conditions indicate that 
such a steel is equal to or superior to ordinary wrought iron in its ability 
to resist corrosion, and it possesses a considerable advantage in greater 
ductility, tensile strength and durability. The manufacturers custom- 
arily subject each length of pipe to rigid tests designed to determine its 
suitabilit}’^ for the pui 7 )Osc intended. Oil well casings are tested to from 
500 to 1,700 lb. internal hydraulic pressure, depending upon the size and 
weight. 

Pipe Trade Customs. — The pipe is shipped from the mills in sections 
averaging about 20 ft. in length, with an iron or steel coupling*on one end 
and a rough thread -protecting collar on iln^ otlu'r. Th(' threaded ends arc 
"doped” or greased to protect the pipe against corrosion during transit. 
The rated diameter of pipe, casing and tubing up to the 15-in. size is by 
trade usage the 7iominal inside diameter, which, however, differs slightly 
from the actual inside diameter. Different grades of pipe and casing 
vary in thickn(‘ss, but all pipe having the same nominal diameter has the 
same external diameter, so that they fit into the same size of coupling. 
For example, thc^re arc four different weights of a certain grade of casing 
(National California Diamond B X), w^dghing 40,45,48 and 54 lb. per foot 
respectively; but all are 10.75 in. in (‘xternal diameter. The thickness 
and internal diameter, of course, vary with the weight. In ordering 
casing it is conseciuently nec(»ssary to specify the nominal diameter and 
the weight or thickm^ss of wall desin'd. Pipes gn'atcr than 15 in. in 
diameter an^ rated by their actual outside diaiiietc'r. A widcj variety 
of "standard” sizes of casing is kept in stock by the^ mills and oil well 
supply dealers, and special siz(‘s and weights will be made to order at 
slightly increased price. Pc'rniissible variations of 5 i)er cent above and 
below specified dimensions are claimed by the manufacturers. 

Pipe threads used on oil well casings ani of the Briggs standard, 
60-deg., V form (see Fig. 101). It is apparent that the thickness of metal 
left at the base of the threads will be greater for a shallow thread, but the 
tendency of the joint to pull^ apart by shearing or "stripping” of the 
threads will also be greater for a shallow thread than for a deep thread. 
This depends directly upon the pitch of the thread (?.e., distance be- 
tween threads), and maximum strength of the joint is obtained by proper 
balancing of these opposing factors. Oil well casings arc threaded with 
8, 9, 10 or 1 1}4 threads per inch, and a cut of even 14 threads per inch is 
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used on some of the smaller and lighter casings. The 1 1 and 14-thread 
cuts are so shallow that they permit the pipe to pull apart readily. Most 
of the casing now manufactured is cut with either 8 or 10 threads per 
inch, the latter number being generally preferred, though the 8-thread 




j Z'fhreads 1 
I 3or4 thraaih] perfect^ i 
!mperfhct ^ | 


Perfect Thread 


UrOOLof Pipe 





^ "per inch 

^^T^aonsoto-ozs" 


Fig. 101. - .standard pipe thread u.sod on screw casing. 


cut may be used for the heavier sizes of pipe in which the metal removed 
from the stock in (fitting so coarse a thread will not leave the pipe too 
weak to sustain the heavy loads imposed. The 10-thread cut is more 
consistently water-ti^ht and less liable to admit particles of sand and p;rit 


Tahle XXIL — Depths of Buigo’s Thue.\t)s C^ouresponding to Various Pitches 
CV)MMONLY Used on Oil Well Casings 


No OK Thukadh Per Tnoii 
8 
10 

ll'-i 

12 

14 


Depth ok Thread in 
100 
080 
0696 
0667 
.0571 


which destroy the thread on unscrewing. Table XXIl gives the depth of 
threads corresiionding to the different pitches used, the depth of the 
thread being a measure of the thickness of metal removed from the stock 
in cutting the thn^ad. By subtracting these values from the thickness of 
the pipe, the net thickness of metal available for sustaining tensional or 
shearing strains may be determined. The threads arc given a slight 
taper, varying from to in. of diameter per foot, measured with the 
axis of the pipe. This taper permits the threads to tighten securely in 
the collar.® 

Casing collars are of special design, generally longer and heavier than 
the type of coupling used on ordinary standard pipe (see Fig. 100). To 
aid in starting the pipe into the coupling, a recess is turned in each end 
of the collar. This also serves to protect the end threads which start 
from the bottom of the recess at either ei*!, tapering toward the center 
to conform with the taper of the pipe threads. The recessed ends of the 
collar fit snugly over the unthreaded casing and increase to some extent 
the rigidity and security of the joint. The length of the threaded portion 
of the collar is usually from 3 to in. The ends of the two lengths of 
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pipe when tightly screwed into the collar are about 1 to 1}^ in. apart, 
except in the case of drive pipe, in which the two ends are intended to 
butt together. 


Types of Collabed-joint Casing 

A variety of casings of the collared-joint type are available on the 
market, differing from each other chiefly in weight or thickness, and 
in slight differences in the pitch of the threads and the design of the 
collars. There has developed a preference among drillers in different 
regions for particular brands of pipe which are supposedly best adapted 
to the conditions to be met. For example, a casing which is marketed 
under the name of “California Diamond B X” is widely used in the Cali- 
fornia fields. It is somewhat heavier than other grades of casing exten- 
sively used elsewhere, and is better adapted to deep-well conditions than 
lighter weight pipe. Table XXIII gives dimensions and weights of 
standard sizes of this brand of casing. For comparison, reference is also 
made to Table XXIV giving weights of “Standard Boston” casing, a 
much lighter pipe suitable for shallow-well service. South Penn casing, 
another well-known brand, is a pipe of intermediate weight.® These, or 
casings of the same type and of approximately equivalent weights and 
dimensions, should be selected for all ordinary casing installations. 
Special casing of additional strength maybe made to order to fit particular 
requirements. 

Drive pipe is a collarcd-joint type of casing, somewhat heavier than 
the average, that is designed particularly for use under circumstances 
which require heavy driving (hammering) on the upper end of the column 
to force it into the well. Such necessity arises in tight holes where the 
well is somewhat smaller than its intended diameter, or where material 
caves from the walls of the well about the pipe until the friction so 
developed prevents free movement. In order that the pipe may be driven 
from the surface without placing undue strain on the collars, the pitch 
and length of the threads are such that the ends of the joints butt together 
at the centers of the collars. While such a pipe is well adapted to driving, 
it is apt to be loosened in the collars as a result of heavy driving, and 
pulls apart readily when an upward puU is applied. The developments 
of modern methods of rotary drilling in which the casing is left fairly 
free of the walls of the well, have largely removed the necessity for using 
drive pipe; but in former years when the cable tools were used in drilling 
through unconsolidated formations, large quantities of it were employed. 
Dimensions and weights of standard sizes of a typical brand of drive 
pipe are given in Table XXV. 
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Table XXII I. — Dimensions and Weigm’s of California Diamond B X Casing • 


Size 

Diameters 

Thickness 

Weight per foot 

Threads per inch 

Couplings 

Ex- 

ternal 

In- 

ternal 

Plain 

ends 

Threads 

and 

coup- 

lings 

Diam- 

eter 

Length 

Weight 

5^ 

6.000 

5.352 

.324 

1 19.641 

20.000 

10 ^ 

6, 

.765 

7H 

15.748 

6K 

6.625 

6.049 

.288 

19 491 

20.000 

10 

7. 

.390 

7A 

18.559 


6.625 

5.921 

.352 

23 582 

24.000 

10 

7, 

.390 

7H 

18.559 

6H 

6.625 

5.855 

.385 

25 658 

26.000 

10 

7. 

.390 

7% 

18.559 

6H 

6.625 

.5 791 

.417 

27.648 

28 000 

10 

7, 

.390 

7H 

18.559 


7.000 

G.4m 

.272 

19 544 

20 000 

10 

7, 

.698 

7A 

17.943 

6H 

7.000 

6 276 

.362 

25.663 

26 000 

10 

7, 

.698 

7A 

17.943 

GH 

7 000 

6 214 

.393 

27.731 

28.000 

10 

7. 

.698 

7% 

17.943 

GH 

7.000 

6.154 

.423 

1 

29.712 

30.000 

10 

7. 

.698 

796 

17.943 

7H 

8.000 

7.386 

.307 

25.223 

26 000 

10 

8. 

.888 

8M 

27.410 

m 

8.625 

8.017 

.304 

27.016 

28 000 

10 

9. 

627 

896 

33.096 

8H 

8.625 

7.921 

.352 

31 101 

32 000 

! 10 

9. 

627 

896 

33.096 

SVi 

8.625 

7.825 

.400 

35 137 

36.000 

10 

9. 

627 

8A 

33.096 

GH 

8 625 

7.775 

.425 

37 220 

38.000 

10 

9 

627 

8A 

33.096 

GH 

8.625 

7.651 

.487 

42 327 

43.000 

10 

9. 

,627 

896 

33.096 

9% 

10.000 

9.384 

.308 

' 31.881 

1 

33.000 

10 

11. 

.002 

00 

38.162 

10 

10.750 

10 054 

.348 

38.661 

i 

40 000 

10 

11. 

,866 

8A 

45.365 

10 

10.750 

9.960 

.395 

i 43.684 

45.000 

10 

11 

.866 

896 

45.365 

10 

10.750 

9.902 

.424 

46.760 

48.000 

10 

11 

.866 

8A 

45.365 

10 

10.750 

9.784 

.483 

1 52.962 

54.000 

10 

11, 

.866 

8A 

45.365 

n^A 

12.000 

11.384 

.308 

38.460 

40.000 

10 

13 

.116 

8A 

50.445 

12H 

13 000 

12.438 

.281 

38.171 

40 000 

10 

14 

.116 

8A 

54.508 

12H 

13 000 

12.360 

.320 

43 335 

45.000 

10 

14 

.116 

8H 

54.508 


13.000 

12.282 

.359 

48.467 

50.000 

10 

14 

.116 

8H 

54.508 


14.000 

13.344 

.328 

47.894 

50.000 

10 

15 

.151 

9H 

67.912 

15A 

16.000 

15.198 

.40ll 

! 66.806 

70.000 

10 

17 

.477 

9H 

98.140 


Additional Sizes 



4 

.750 

4 

.082 

.334 

' 15 

752 

16.000 

10 

5.364 

G% 

9.963 

m 

5 

.000 ^ 

4 

.500 

.250 

12 

,682 

12.850 

10 

5.491 

G96 

8.533 


5 

.000 

4, 

.408 

.296 

14. 

,870 

I 15.000 

10 

5.491 

GA 

8.533 

GH 

7, 

,000 

6 

.336 

.332 

23. 

643 

24.000 

10 

7.698 

796 

17.943 

n 

11 

.750 

11 

000 

.375 

45. 

557 

47.00(f 

10 

12.866 

8A 

49.379 

n 

11 

.750 

10 

.772 

.489 

58, 

811 

60.000 

10 

12.866 

8H 

49.379 

1296 

13, 

.000 

12, 

.220 i 

.390 

52, 

523 

54.000 

10 

14.116 

8H 

54.508 


• As manufactured by National Tube Co. All dimensions are expressed in inches, 
weights in pounds. 
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Table XXIV. — Dimensions and Weiohts of “Standard Boston” Casing* 


Size 

1 

tC] 

Diameters 

Thickness 

W 

P 

Cl 

eight per 

not 

•eads 

nd 

up- 

ngs 




Couplings 


]x- 

pnal 

In- 

ternal 

ain 

ids 

j Thi 
a 

CO 

lii 

Threads 
per inch 

Diam- 

eter 

Length 

Weight 

2 

2 

250 

2 

050 

.100 

2 

.296 

2 

340 

14 

2 

714 

2H 

1 

.361 

2H 

2 

500 

; 2 

284 

.108 

2 

759 

2 

820 

14 

2 

964 

25 ^ 

1 

.499 

2H 

2 

750 

2 

524 

113 

3 

182 

3 

250 

14 

3 

214 

2H 

1 

.804 

2H 

3 

000 

j 2 

.768 

116 

3 

572 

3 

650 

14 

3 

464 

2H 

1 

957 

3 

3 

250 

’ 3 

010 

120 

4 

Oil 

4 

100 

14 

3 

771 

3H 

2 

612 

SH 

3 

500 

3 

250 

.125 

4 

505 

4 

600 

14 

4 

021 

318 

2 

.799 

3H 

3 

750 

3 

.492 

129 

4 

988 

5 

100 

14 

4 

271 

3>-s 

2 

987 

3H 

4 

000 

3 

732 

.134 

5 

.532 

5 

650 

14 

4 

.521 

31-8 

3 

.174 

4 

4 

250 

3 

974 

138 

6 

060 

fi 

200 

14 

4 

.771 

398 

3 

923 

4>i 

4 

500 

4 

216 

.142 

6 

.609 

6 

750 

14 

5 

021 

3H 

4 

141 

414 

4 

500 

4 

090 

205 

9 

403 

9 

500 

14 

5 

021 

39i 

4 

141 


4 

750 

4 

460 

145 

7 

131 

7 

250 

14 

5 

271 

3^'8 

4 

360 

4^ 

4 

750 

4 

364 

.193 

9 

393 

9 

500 

14 

5 

271 

39i 

4 

360 

4?i 

5 

000 

4 

696 

152 

7 

.870 

8 

000 

14 

5 

521 

3?« 

4 

578 

5 


250 

4 

944 

153 

8 

328 

8 

500 

14 

5 

828 


5 

929 

5 

5 

250 

4 

886 

182 

9 

851 

10 

000 

14 

5 

828 

4H 

5 

929 

5 

5 

250 

4 

886 

182 

9 

851 

10 

000 

ii>. 

5 

soo 

4,1-8- 

5 

742 

5 

5 

250 

4 

768 

.241 

12 

892 

13 

000 

n '2 

5 

800 

4^8 

5 

742 

5 

5 

250 

4 

648 

.301 

15 

909 

16 

000 

11,' 2 

5 

800 

4}-i, 

5 

742 

5^6 

: *'5 

500 

5 

192 

151 

8 

792 

9 

000 , 

14 


078 

4^ 

6 

201 ) 

5H 

I 6 

000 

5 

672 

164 

10 

222 

i 10 

500 ' 

14 

C> 

664 

4ig 

7 

729 

SJS 

! 

000 

5 

620 

190 

11 

789 1 

1 12 

000 

ll^li 

() 

()36 

41 8 

7 

516 

5H 

1 6 

000 

5 

552 

224 

13 

818 

14 

000 

ll'i 

6 

636 

4,1-8 

7 

516 

5H 

(» 

000 

5 

450 

275 

16 

814 ; 

17. 

000 

11'2 

() 

636 


7 

516 

6>4 

0 

625 

i « 

287 1 

169 

11 

652 

12 

000 

14 

7 

308 

45-8 

9 

,825 

6 J 4 

0 

625 1 

6 

255 

. 185 

12 

724 ! 

13 

000 

14 

7, 

308 

4'>8 

9 

,825 

6H 1 

7 

000 

6 

652 i 

.174 

12 

685 

13 

000 

14 j 

7 

692 

45g 

10 

497 

GJg 

7 

000 ; 

; 6 

538 

231 

16, 

699 1 

17 

000 ! 


7 

664 ; 

4H 

10 

.225 

7H 

7 

625 1 

' 7 . 

263 

181 

14 

390 j 

14 

750 I 

14 i 

8 

317 

458 

11 

401 

7% 

8 

000 

7 

628 

. 186 

15 

522 1 

16 

000 


8 

788 

5,1-8- 

15 

308 

7% 

8 

000 

7 

528 

236 

19 

569 

20 

000 

ll'-2i 

8 

788 


15 

308 

HH 

8 

625 

8 

249 

188 

16 

940 

17 

500 

ll?2i 

9 

413 

5H 

16 

461 

8H 

8. 

625 

8. 

191 ; 

.217 

19 

486 

20 

000 

111 - 2 : 

9 

413 

51 8 

16 

461 

8,4 

8 

625 

8 

097 

. 264 

23 

574 

24 

.000 

111 - 2 : 

9 

413 

51-8 

16. 

461 

8^ 

9 

000 

8. 

608 : 

.196 

18. 

429 

19 

000 

ll'2j 

9 

788 

5'8 

17. 

153 


10. 

000 

9. 

582 ! 

.209 

21 

855 

22 

750 

Hi:! 

10 

911 

6J-8 

26. 

136 

105^ 

11. 

000 

10. 

552 1 

224 

25. 

,780 j 

26 

750 1 

u. 1 - 2 : 

11 

911 

0)-8 

28. 

536 

11?^ 

12. 

000 

11 

514 

243 

30 

512 1 

31 

50() 1 

111 - 2 ! 

12 

911 

6,4 

31 

051 

124 

13. 

000 

12. 

482 

.259 

35 

243 1 

36 

500 ' 

nh\ 

14 

025 

64 

37. 

,499 

134 

14 

000 

13 

448 

276. 

4fi 

454 , 

42 

000 

ll,l2 

15 

139 

64 

44 

495 

144 

15 

000 1 

14 

418 

.291 

45, 

,714 ! 

47 

500 

111^ 

16, 

263 

64 

52. 

401 

154 

16 

000 j 

15. 

396 

j 

.302 

50 

632 : 

1 

52 

500 ! 

IIJ-:^ 

17 

263 

63 S 

55. 

779 


* As manufactured by National Tube Co. All dimensions arc expressed in inches 
weights in pounds. 
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Table XXV. — Dimensions and Weights op Drive Pipe* 


Size 

Diameters 

Thickness 

Weight per foot 

Threads per inch 

Couplings 

Ex- 

ternal 

In- 

ternal 

Plain 

ends 

Threads 

and 

coup- 

lings 

Diam- 

eter 

Length 

Weight 

2 

2.375 

2. 

067 

.154 

3.652 

3 730 

1 1/^2 

2.923 

3?^ 

2.380 

2H 

2.875 

2 

469 

203 

5.793 

5.906 

8 

3 486 

4« 

3.748 

3 

3. 500 

3 

068 

216 

7 575 

7 705 

8 

4.111 

4^ 

4.493 

Vi 

4 000 

3 

548 

226 

9 109 

9.294 

8 

4.723 


5 973 

4 

4.500 

4 

026 

237 

10 790 

10.995 

8 

5.223 

4H 

6.740 

4? 2 

5.000 

4 

506 

.247 

12.538 

12.758 

8 

5.723 

4« 

7.439 

5 

5.563 

5 

047 

.258 

14.617 

14.989 

8 

6 410 

5xs 

] 1.871 

0 

6.625 

() 

065 

280 

18.974 

19.408 

8 

7 473 


13.956 

7 

7.625 

7 

023 

.301 

23 544 

24 021 

8 

8 474 

5H 

15.955 

8 

8 625 

8 

071 

277 

24 696 

25 495 

8 

9 588 

GH 

24.343 

8 

8 625 

7 

981 

322 

28 .'>54 

29 303 

8 

9.588 

GH 

24.343 

8 

8 625 


917 

354 

31 270 

32.331 

8 

9 882 

OH 

31.320 

9 

9.625 

8 

941 

342 

33 907 

34.711 

8 

10.588 

OH 

27.035 

10 

10 750 i 

10 

192 

279 

31 201 

32 631 

8 

11.950 

OH 

10 108 

10* 

10.750 

10 

136 

.307 

34 240 

35.628 

8 

11 950 

OH 

40.108 

10 

10 750 

10 

020 

365 

40 483 

41 785 

1 

8 

11 950 

OH 

40 108 

11 

11 750 

11, 

000 

375 

45 557 

16 953 1 

8 

12 950 

OH 

43 664 

12 

12 750 

12 

090 

330 

43 773 

45 358 1 

8 

13.950 

OH 

47.220 

12 

12.750 

12 

.000 

.375 

49.562 

51 067 

8 

13.950 

OH 

47.220 

13 

14.000 

13 

250 

.375 

54.568 

: 56 849 

8 

15.438 

TH 

66.024 

14 

15.000 

14 

250 

375 

58 573 

61.005 

8 

16.438 

7H 

70.533 

15 

16.000 

15 

.250 

375 

62 579 

! 65 161 

8 

17.438 

7H 

75.043 

17().D. 

17.000 

16 

214 

.393 

69 704 

73 000 

8 

18.675 

7H 

91.746 

180.D. 

18 000 

17 

.182 

409 

76 840 

81.000 

8 

19.913 

7H 

,109.669 

20O.D. 

20 000 

19 

.182 

.409 

85 577 

90.000 

8 

21 913 

7H 

j 121. 298 


• As manufactured by National Tube Co. All dimensions arc expre.-sed in inches, 


woii^hts in pounds. 


Upset-end Pipe. — The advantages of upset-end piF>e, in which the 
metal is reinforced where the threads are cut, so that it is of uniform 
strength throughout, have already been silfegcstcd. Such pipe is used 
chiefly as rotary drill pipe, and in small sizes as oil well tubing, though 
to a limited extent also as casing. Weights and sizes of upset-end oil 
well tubing are given in Table XXVI . 
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Table XXVI. — Dimensions and Wmghts of Upset-end Oil Well Tubing* 



Diameters 


Weight per foot 


4-> 

o 

Couplings 






Threads 

tm 

8. 

OQ 

P 




»dlZ6 

Ex- 

ternal 

In- 

ternal 

a 

Plain 

ends 

and 

coup- 

•S 

OS 

V 

o 

q 

Diam- 

eter 

Length 

Weight 




H 


lings 

£ 

H 

d 




2 

2 375 

2 067 

.154 

3 652 

3.731 

IIK 

2,9 (6 

3.057 

GO 

oo\ 

2.484 


2.875 

2 469 

.203 

5 793 

5.903 

8 

SHe 

3 616 


3.845 

3 

3.500 

3 068 

.216 

7 575 

7.699 

8 

3*,' 16 

4 237 

4H 

4.557 


4.000 

3.548 

.226 

9.109 

9.287 

8 


4.848 

4,^ 

6.036 

4 

4.500 

4.026 

.237 

10 790 

10 984 

8 

4 ’ ! 1 6 

5 345 

4>^ 

6 768 


5.000 

4.506 

247 

12 538 

12.744 

8 

5^'i' 6 i 

5 842 i 


7.426 

5 

1 5.563 

5 047 i 

258 

14.617 

14 962 

8 


6.509 

5H 

! 11.821 

6 

6.625 

6 065 

280 

18.974 

19 359 

8 

6?^ 

7.627 

5% 

13.931 

7 

7.625 

7 023 

.301 

23.544 

23 957 

8 

Vh 

8 621 

ry'A 

15.778 

8 

8.625 

7.981 

.322 

28 554 

29.196 

8 

SJs 

9.729 


24.119 


* Externally upset, as manufactured by the National Tube Co. All dimensions 
are expressed in inches, weights in jiounds. 


Inserted-joint Casing. — When a well is shallow and a light casing is 
all that is needed to sustain the walls, inserted-joint casing may be 
advantageously employed. This type of joint is often used for liners, 
and is also preferred in cases where it is necessary to ecronomize in working 
space within a well of small diameter. In this type of casing one end of 
the tube is expanded and internally threaded, so that the end of orui joint 
receives the externally threaded and unexpanded end of another joint 
(see Fig. 100). The threads are only slightly tapered. Modified forms 
have also been developed in which the outer half of the joint is expanded 
and the inner half is ' 'crossed.'' In another variety, a faced ring is screwed 
on the externally threaded end, against which the outside or expanded 
half of the joint butts when the parts are screwed together. This pre- 
vents the expanded end from splitting and adds to the security of the 
joint to such an extent that it can be lightly driven if necessary. 

Flush-jointed casing is made by turning down and cutting a thread 
on one end of a tube, and boring out atid threading internally the end 
of another tube (see Fig. 100). The end of one tube thus screws into 
the other, without the necegil?;ity for a collar, and the joint has no visible 
edges or corners on either the outside or inside of the pipe. Such a joint 
is particularly useful where the diameter of a well has become so reduced 
that it is important to use a casing that occupies the smallest possible 
space. It is useful also, because of its smooth exterior surface, in casing 
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off loose sands which tend to cave and pack around the couplings of 
ordinary pipe. The joint is inherently weak, however, due to the neces- 
sity of cutting away half of the metal on each tube at the joint. The 
threads must be fine and tend to pull apart readily. Flush-jointed 
casing is screwed together until the ends of the tubes butt together at 
the center of the joint. In this condition it is watertight, though not 
recommended for water exclusion, and can be lightly driven; but any 
deflection from the vertical will generally result in fracture at the base 
of the threads. It is rarely used in oil field operations. 

Welding Joints in Oil Well Casing Installations. — The success 
attained in welding line pipe for the transmission of oil and gas has 
led to the welding of oil well casings as a substitute for the screw joint. ^ 
It is perfectly feasible to weld wrought iron or steel pipe in the derrick 
with the aid of the oxyacetylene torch, and the resulting joint is as strong 
as is possible with any form of screw joint if the welding is properly done. 
Plain-end pipe (without threads) is used, with ends beveled on the out- 
side, the joints being butt-welded above the derrick floor as they enter 
the well (see page 229). Joining pipe in this way, however, is slower 
than when threaded collars are used, and it is impossible to remove 
a string of welded casing from the well without cutting the sec- 
tions apart. The fire risk involved in using a torch about the mouth of 
a .well which may be producing inflammable oil or gas must also be 
considered. 

The cost of a welded string of casing is about the same as that of 
ordinary collared- joint casing, the saving in cost of threading and collars 
being approximately offset by the cost of preparing the joints and welding 
them together. The method is used particularly in welding “liners,” 
the column of casing which penetrates the oil-producing zone; but it has 
also been successfully used in welding larger pipes, particularly in redrill- 
ing jobs where it has been necessary to “sidetrack” an old column of 
casing, a condition which might lead to interlocking of collars on the two 
strings. In fields where the producing formation is a loose sand, the 
material tends to pack about the collars of ordinary casing, making 
removal of the liner difficult, particularly if the hole is crooked. Much 
of this trouble is overcome by the use of a welded liner. In some Cali- 
fornia wells, welded strings of 8J4- and 10-in. casings 1,100 ft. in length 
have been successfully inserted. Some operators ma]^e a practice of 
“spot welding” the collars on ordinary casing to prevent the joint from 
loosening in the well. • 

Riveted casing (stove pipe) is made of thin sheets of wrought iron 
or steel rolled into cylindrical form and riveted at the seams (see Fig. 
102). The individual joints are 2 or 3 ft. long and are usually made of 
two sheets of metal, one cylinder within another, and so placed with 
respect to each other that the end of one cylinder is just opposite the 
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center of the other. This results in the inside cylinder projecting for 
half its length at one end, leaving a corresponding recess within the 
outer cylinder at the opposite end. When such joints are put together, 
the projecting inside sheet of one joint is forced into the center of the 
outside sheet of another, until the inside sheets of the two joints butt 
together. The result is a continuous, double-walled cylinder. Con- 



Fio. 102. — Ri voted casing or “stove pipe.” 


siderablc friction develops between joints when they are forced together, 
and it is customary to increase this by denting the outer cylinder against 
the inner with the point of a sharp pick. The frictional contact between 
joints, thus developed, is usuall}^ all that is provided to hold them 
together. Occasionally, however, when a long column of stove pipe is to 
be placed in a well and there is danger of the column pulling apart under 
its own weight, the joints will be riveted together. This is accomplished 
by lowering a close-fitting mandrel inside the pipe to serve as an anvil, 
and driving the rivets against the mandrel through holes previously 
drilled and countersunk on the inside.^ 

Riveted casing is generally used in wells of large diameter, say 12 in 
or greater, though it may be had in sizes as small as 4 in. Sizes up to 
and including 20 in. arc regularly carried by the manufacturers, and larger 
sizes may be made to order for wells of exceptional diameter. In the 
Russian fields where this kind of casing is used almost exclusively, 
casings as large as 30 in. in diameter are not uncommon. The metal 
sheets used in forming stove pipe vary from Js to 5 in. in thickness, the 
sheets being cut to proper size and all rivet holes punched and counter- 
sunk before the cylinders are rolled. The pipe, ready for insertion into 
the well, may be had from the manufacturers or supply dealers in cither 
single joints, or in sections ranging in length from 10 to 21 ft., the 
individual joints making up each section, being riveted together at the 
joints as well as along the scams. Riveted casing is not ordinarily 
watertight, though it can be aiad(' approximately so by careful caulking 
of all seams and joints. However, it is not ordinarily heavy enough to 
withstand any great hydrostatic head that may build up behind the 
casing in wet formations. 

It is customary to reinforce the first joint (or “starter joint of a 
column of stove pipe, either by riveting on a steel shoe, or by construct- 
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ing the first joint of 3 or 4 sheets of nsetal instead of 2. The latter type 
of reinforcement is generally preferred because of the smaller clearance 
necessary. Such reinforcement assists in preventing abrasion and dis- 
tortion of the lower end of the pipe by contact with the walls of the well. 

Riveted casing is only intended for light service and is seldom used at 
greater depths than 800 ft. because of its tendency to pull apart under 
its own weight. However, single columns of 16-in. stove pipe over 1,000 
ft. long have been successfully placed in wells under favorable conditions. 
For the same reason, when once started into the well, it cannot usually 
be raised if there is friction against the walls. It can only be driven 
lightly since the joints have a tendency to telescope and buckle; or if the 
lower end of a column is hanging freely in the well, it may be jarred off 
by the resulting vibration. It is easily deformed by pressure from the 
walls, or in passing through a flat hole. The chief advantages of riveted 
casing arc its smooth exterior surface, small space occupied in the well, 
and lower cost. Because of its smooth outer surface, it is particularly 
adapted to casing off loose, sandy surface strata which tend to cave and 
bind against the couplings on collared-joint casing. I..oss in effective 
working diameter within the well is reduced to a minimum through the 
use of this class of casing. 


CASING APPLIANCES 

•The installation and manipulation of casing in the well and within 
the derrick requires the use of a variety of special appliances worthy of 
brief description. These include casing elevators, hoisting blocks, casing 
hooks and spiders for lifting, lowering and suspending a column of pipe; 
casing shoes attached to the lower end of a column of pipe to aid it in 
cutting its way through projections on the walls of the well, and to 
reinforce the lower end of the column against damage thereby; casing 
tongs for screwing sections of pipe together; drive heads and clamps used 
in driving casing into a tight hole; and casing jacks useful in applying a 
powerful lifting force to casing that has become partially “frozen” by 
friction against the walls of the well. In addition to these?, there are 
numerous other devices, some of which are described below, while others 
pertaining particularly to fishing operations are reserved for a later 
chapter. 

Casing Shoes. — It is customary to place on the outside of the bottom 
of every column of casing lowered into the well, a reinforcing shoe of steel, 
specially formed to prevent distortion and abrasion of the pipe, and to 
aid it in cutting a way for itself past mirA)r obstructions on the walls. 
The lower edge is beveled to a blunt cutting edge on the outer circumfer- 
ence. Casing shoes are somewhat larger in outer diameter than the col- 
lars*on the casing to which they are attatjhed, in order to insure free 
passage of the pipe for any opening through which the shoe has passed. 
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They are usually about 1 in. thick, from 10 to 16 in. long and weigh in 
the case of the larger sizes from 100 to 200 lb. There are several patterns 
(see Fig. 103) some of which are designed to screw on the bottom joint of 
casing, while others are shrunk on. The Texas pattern is both screwed 
and riveted to the casing. The Baker shoe has a series of square teeth 
cut on its lower end. By rotating a casing equipped with this shoe, 
the casing itself is capable of cutting a way for itself past minor obstruc- 



Fig. 103. — Types of casing shoes. 
Left, common form; right, Baker bHop. 


tions. When pipe is to be worked down through hard rock, such a shoe 
offers a considerable advantage. The material used in the manufacture 
of casing shoes is preferably a good grade of hardened plow steel. Casing 
shoes designed to screw on the casing usually have a narrow recess turned 
in the upper end above the threads, and a shoulder below the threads. 
The casing screws into the shoe until it butts against the shoulder, and the 
annular space above the threads formed by the recess, Ix^tween the casing 
and the shoe is filled with molten lead or babbitt metal. This 
strengthens the screw joint and prevents the shoe from becoming 
detached in the well. The shoe provided must be especially heavy 
when it is expected that driving of the pipe will be necessary. 

For use in the unconsolidated formations of the California fields, 
some operators construct unusually heavy and long casing shoes by 
shrinking short sections of heavy tubular steel on a joint of casing and 
dressing the outer surface to a slight taper with a blunt cutting edge at 
the lower end. ^ 

Casing Elevators. — In lifting or lowering a joint or column of casing 
suspended vertically, it is necessary to provide some sort of a clamp which 
will grip the pipe securely, to which the necessary hoisting tackle may be 
attached. The device usually employed for this purpose is called a casing 
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elevator, and is so designed that it ihay be clamped loosely around the 
pipe below the top collar, the weight of the pipe falling on the lower 
edge of the collar. 

The elevator finds constant use when casing is being inserted into a 
well, each new joint being lifted from the derrick floor and suspended on 
the elevator until it is screwed into the collar of the preceding joint, after 
which the entire column is lowered while suspended on the elevator. 
Such service requires an elevator that can be rapidly clamped and 
undamped, and which suspends the casing vertically so that it can be freely 
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Fia. 104.- -Types of elevators. 

A, Ideal, B, Manriington; C, Fair-Mannmgton; D, Fair and E, single link. 

rotated whil(‘ being screwed into the collar below. It must be of adequate 
strength to support the weight of the entire column of casing, which may 
in a long column of large diameter pif)e aggregate as much as 50 tons. It 
is imperative, under the (conditions pertaining, that the (‘levator be so 
designed that it offers adequate security against accidental opening of 
the clamps and dropping of the casing while under strain. 

A variety of different patterns of elevators have been designed and are 
available on the market, differing from each other chiefly in the manner of 
latching in the locked position. The Fair, Scott, Mannington, Ideal and 
Wilson patterns are well known and commonly used types. Th(^se are 
illustrated in Fig. 104. It will be noted that in each case there is a pair of 
semi-circular clamps hinged at one side and provided with a locking 
device of some sort at the other. There is also a jiair'of heavy links, 
suitably curved to bring the point of support over the center of the. pipe, 
passing through holes in heavy lugs attached to the side of the clamps. 
The inside diameter of the clamps is slightly greater than the outside 
diameter of the pipe for which it is intended. One type of elevator has a 
single link instead of two. The body of the elevator is in this case in one 
piece and has an opening through it which permits of its passing freely 
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over the casing collar. With the 'elevator just below the top collar, a 
split bushing of proper size is slipped into the elevator and around the 
pipe, furnishing the means of applying a lifting force under the collar. 
Casing elevators arc made of wrought iron or steel and are necessarily of 
heavy construction, ranging in weight from 200 to upwards of 2,500 lb. 
in the larger sizes of the heavier models. In addition to their use in han- 
dling casing, they find application in coupling and uncoupling rotary drill 
pipe (see page 168) and oil well tubing (see page 366). 



Fig. 105. — Four-hheavf* rollor-bcariug traveling 
block. 



{After T Curtin m U <S B Mines 
Bull 182 ). 

Fig 100. — Illustrating manner 
of stringing three-sheave travel- 
ing block. 


Casing Blocks or Hoisting Blocks. — The rnecthanieal advantage neces- 
sary in handling a long string of heavy casing is secured through the use 
of a hoisting block containing from one to four sheaves, the calf or casing 
line being threaded between these and* two or more sheaves at the derrick 
crown. The sheaves range in diameter from 10 to 20 in., and are sup- 
ported by a heavy metal frame from 18 to 48 in. long, consisting of plates 
separating the sheaves and spaced apart by cylindrical spools, and 
held together by three bolts, one of which, equipped with a loose bushing, 
serves as a shaft for the sheaves to turn on (see Fig. 105). A bail or link 
at both top and bottom provides a means of attaching ropes or hooks. 
Casing blocks should have a low center of gravity so that they do not 
'‘turn over'' when the load is applied. 
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The mechanical advantage sccure?tl will depend upon the number of 
lines used and the method of stringing. ^ The power applied at the calf 
wheel drum will be multiplied as many times as there are lines strung 
between the hoisting block and the derrick crown, and the hoisting speed 
will be correspondingly diminished. Usually the end of the casing line 
or dead line will be attached to the top bail of the casing block, though in 
the case of the combination rig, the other end may be attached to the 
draw works hoisting drum. Fig. lOG 
illustrates the usual manner of string- 
ing a casing block having three sheaves 
for the use of 7 lines. If only five lines 
are desired, one of the pull(‘ys may be 
left unstrung. One end of the cable is 
the dead line. The other end, coiled on 
the calf wheel shaft or hoisting drum 
should be (iarried to the far side of the 
nearest pulley as shown in tin*, illustra- 
tion, oth(irwis(' the blocks will not be in 
alignment with the hohi and starting 
the casing into the collars at the well 
mouth is made difficult. This causes 
loss of tinuj in handling casing, and 
may result in a joint of i)ipe being 
cross-thread(‘d in the collar, a condi- 
tion which j)(n’mits the joint to pull 
apart when strain is af)plie(l. 

Casing Hooks and Links. — The 
elevators are suspended from the 
lower bail of tin* hoisting l)lo(!k by a massive hook and a heavy split link 
or ( -hook (see Fig, 107). 1'he larger sizes of casing hooks weigh as much 
as 500 lb. The hook must b(^ free to turn in its supporting trunnion so 
that the casing can be rotated whih' suspended on iho elevators, without 
twisting the linos above the hoisting block. The bearing between the 
hook stem and the trunnion is often equipped with cone or ball bearings 
to eliminate friction, and in one type a spring is inserted io avoid the 
destructive jerk that otherwise results from sudden application of the 
power in lifting a column of casing. A clevis is sometimes attached to 
the edge of the hook for connecting a small control rope. 

Casing Spiders or Wedge Blocks. — In handling casing in the well, a 
means must be provided for suspemling a chlumn of casing from the sur- 
face in such a manner that the open end of the casing is left free for drill- 
ing, bailing or other operations. For this purpose, a casing spider is 
used. This consists of a heavy forged steel ring with a conical hole 
through its center (i.e., larger at the top than at the bottom), and two 



Fig. 107.- 'J’ypes of casing hooks and 
link. 

Loft, “wikIc sprina" hook; lower right, 
conehcarniK hook, upper right, strapped 
Oluik 
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projecting lugs at opposite points on the circumference (see Fig. 108), 
The hole through the ring is large enough to admit the largest sizes of 
casing, and conical steel liners are provided to adapt it to use with smaller 
sizes of pipe. Curved steel wedges, called “slips — usually four in number 
— fit into the conical opening of the spider or liner, in such a manner that 
when in position they form a cylindrical opening just large enough to 



admit the pipe. The inner edges of the slips are machined with horizontal 
serrated grooves. With the pipe suspended through the spider, the slips 
are dropped into position, and as the pipe is slowly lowered, the slips slide 
down on their conical supports and arc thus forced in against the pipe 
until the latter is gripped securely. The gr(‘ater th(^ weight of the 
column of casing, the more securely it is hold. To remove the casing 
from the spider, it is only necessary to lift the casing slightly and with- 
draw the slips. Wire rope loops arc provided on th(' ends of the slips so 
that they may be readily placed in position or withdrawn without danger 
to the operator. The spider may rest either on the derrick floor or on 
timber supports in the bottom of the cellar; or it may be supported on 
cables or rods passing through links atta(;hed to the lugs. The weight of 
a casing spider ranges from 475 to nearly 2,000 lb., depending upon the 
maximum size of pipe for which it is designed. 

Casing Tongs. — For turning the jiipe in coupling and uncoupling 
screwed joints, pipe tongs of special design arc provided. There are 
two general types: (1) the hinged-jaw type, and (2) chain tongs. The 
former are generally preferred for heavy service because of their positive 
grip, quick release and eas(‘ of application. A number of representative 
forms are illustrated in Fig. 109. Because of the heavy duty imposed 
upon them, casing tongs are necessarily large and heavy, the larger sizes 
weighing as much as 450 lb. Because of their great weight, it is neces- 
sary to suspend them in a horizontal position from a derrick crane or 
from a balanced beam in the derrick. The jaws of casing tongs are 
often equipped with bushings which adapt the same tongs to various 
sizes of pipe. Some models are reversible so that the pipe may be either 
screwed or unscrewed from one position of the tongs, that is, without 
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turning the tongs over. This is accomplished by merely changing a 
metal pin controlling the leverage from one hole to another in the jaws, 
A power-driven machine for screwing and unscrewing casing in the 
derrick, known as the Brandon Power Casing Machine, has been designed, 
but up to the time of writing has been used only in an experimental way. 
It consists of a geared table surrounding the pipe and supported above 
the derrick floor. On this table a carriage, which grips the joint of pipe 



Fi«. 109. — Types of cjising tongs. 

A, Kcllcrinaii rliain iotieH, B, Hardison (oukk. C, Maddron tonKs; 1), Griffin tongs rlused and JS?, 
open. 


above the collar, revolves. The power is transinitted through the gearing 
provided from a small vertical engine. It is claimed by the manu- 
facturers that this machine operates more steadil>' and (evenly than is 
possible with hand tongs, with less strain on the casing threads and with 
much greater speed. 

Casing Wagons. — Before it is jdaced in the well, casing is usually 
stacked on the casing rack at one side of the derrick, and as it is needed, 
it must be brought into the derrick and turned on end with the aid of 
the elevators. To aid in supporting and transporting the casing while 
it is in the horizontal position, two-wheeled casing wagons are provided, 
one to be placed at each end of the joint of pipe. One of these is equipped 
with a V-shaped support in which the front end of the pip/^ rests, and the 
other has a projecting hook which enters the rear imd, and by depressing 
the handle, lifts the pipe from the floor. IJlio wheels and carriages are 
made entirely of steel, with pipe handles. Wooden or steel ^‘dollies” 
consisting of a solid rolh'r mounted undcu- a small supporting carriage 
arc preferred by some drillers in transporting casing and drill stem from 
the casing rack into the derrick. 



220 


PETROLEUM PRODUCTION ENGINEERING 


Casing Adapters, Shoe Guides and Floating Plugs. — When a string 
of casing in a well docs not extend to the surface and a smaller string of 
pipe or tools must be lowered through it, there is danger of the tools or 
smaller casings ^^hanging up '' on the upper end of the column. To avoid 
this, it is customary to places a casing adapter on the top of the column of 



Fig. no. — Floating plug (^), shoo guide {B) and easing adaptor (C). 


pipe in the well, which is beveled to guide th(‘ smaller string or tool 
through the opening (see Fig. 110). Instead of this, or in addition to 
this, the shoe on the smaller string of pipe may be (‘quipped with a shoe 
guide which serves the same purpose. 



Fig. 111. ' Illustrating method of driving casing. 


In lowering a long string of casing into a well filled with water or mud, 
considerable strain may bct taken off the elevators, spider and hoisting 
block if the lower end of the column be closed with a floating plug. In 
fact, if water be excluded from the casing, the buoyant force exerted is 
sufficient to float the column except in the case of the heaviest grades of 
pipe. Often, however, the well will not be full of fluid and the floating 
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plug takes care of only a part of the total weight. The plug used is 
generally hemispherical in form and is screwed to the bottom of the casing 
shoe (see Fig. 110). Being made of cast iron, it is readily broken up 
with the drilling tools when the casing has been ‘Tanded.^^ 

Drive Clamps and Heads. — When it becomes necessary to drive 
casing into a well, the cable drilling tools are generally used to provide 
the necessary impact. The tools are lowered into the well until the 
wrench square on the top of the drill stem is slightly above the top of the 
casing column. A pair of heavy clamps, with a square opening through 
them and held together by two bolts, are then clamped securely to the 



Fio. 112. — Drive clamps and heads, 

.“1, claiiipiK, B, drop head, C and D, .screw heads 


wrench square; the bull wheel brake is clamped, a spudding shoe is 
placed on the drilling cable, and a jerk line is connected from the spudding 
shoe to the wrist pin on the crank (see Fig. 111). The clamps placed on 
tlie stem are of such size that they do not pass through the open end of 
the casing. With the tools operated as in spudding (see page 125), the 
full weight of th(^ string of tools is allowed to fall on the top of the column 
of casing with each stroke, the drive clamps striking on a drive head,” 
which has been jireviously screwed into the top coupling or on the top of 
the column of casing. Som(» types of drive heads are without threads 
and merely rest on the toj) of the column of casing. Typical drive clamps 
and h('ads an* illustrated in Fig. 112. 

Casing Jacks.- In freeing partially frozen casing, or in pulling casing 
from a W('ll about to be abaiidomMl, a powerful lifting force is often 
nec(\ssary. The force of the engine, even as multi[)lied by the calf wheel 
and hoisting block, is often inadequate, and recourse is had to the use of 
casing jacks. These are of two types : (1) screw jacks, and (2) hydraulic 
jacks. With the principle of the screw and the hydraulic jack it is 
assumed the reader is familiar. The lattef are the more powerful, some 
of those designed for oil well service being capable of lifting a load of 
250 tons. In either case the jacks are applied through the aid of a 
casing spider which grips the pipe, two jacks being used, one under 
each lug on either side of the spider (see Fig. 113). 
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In placing stove pipe in a well, instead of driving it, it is sometimes 
preferable to use the pressure of a casing jack in forcing the casing down. 
For this purpose, a stove pipe '^push head” is placed on the top of the 
column and the jack applied, rigged to push against anchor clamps bolted 
securely to the derrick foundations. 



Fig. 11,3. — Typo.s of jacks. 

A, screw jacks lifting casing, li, lever type of jack, (\ T> ainl /?, types of hydruulio jacks. 


Casing Testers. — When a string of pipe has Ix^cn used to exclude 
water from a well, it is sometimes necessary to find the position of a leak 
which may be admitting water. For this purfiose, a swab casing tester 
is used. This consists of a small cylindrical recef)tacle closed at the 
lower end, and with a l(‘ath(‘r disc of such a diameter as will fit snugly 
inside of the casing fastened around the top. A small liail permits of 
supporting the device on the sand line. Lowered to successively greater 
depths, occasionally withdrawing it to th(i surface to note whether or not 
water has accumulated in the tube, the leak is soon located and the neces- 
sary steps taken for its repair (see Fig. 156). 


CASING INSTALLATIONS 

Design of a Casing Instsfilation. — The selection of sizes and weights 
of pipe to be used in easing a well, df'termi nation of the position of water 
shut-offs and the depth to which each string of pipe will be carried, should 
in so far as is possible be worked out in advance of actual drilling opera- 
tions. If the well is a wild-cat well and the depth of the producing 
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horizon and character of the formations to be penetrated are uncertain, 
it will be impossible to plan the casing installation definitely in advance, 
that is, changes in size of casing, determination of the position of water 
shut-offs, etc,, must be made from time to time as the work proceeds. 
But in a partially developed territory whore the conditions to be met are 
approximately known, it should be possible, barring accidents, to select 
definitely all of the casing in advance and carry out its installation 
according to prearranged schedule. 

In the latter case, the operator must first determine how many strings 
of pipe or how many changes in diameter will be necessary to reach the 
desired depth. This depends upon the depth of the producing horizon, 
the nature of the formations to be penetrated and the number of water 
shut-offs necessary. Each water shut-off n^quires a change in the size of 
casing. The method of drilling used and the d(‘pth to which it is possible 
to carry a string of pipe in the given territory must also be taken into 
account. With the rotary equipment much greater freedom in selection 
of lengths of individual strings is possible than when the cable tools arc 
used, because the casing is relatively free in the hole and there is less 
probability of accidental or unforeseen dev(‘lopments which prevent the 
carrying out of a prearranged program. 

Having determined the necessary number of strings, the next con- 
sideration will be the size of drill with which it is desired to finish the 
well. This depends upon the nature of the oil-producing material, the 
productivity of wells in the region, the character of the oil and whether 
or not wafer or high-pressure gas is associated with it. There must be 
adequate clearance in the bottom of th(' w(’ll to accommodate a pump of 
the size necessary to handle the production expected. There must be, 
in addition, a moderate amount of space about the pump and well tubing 
in which oil may accumulate. In C^ilifornia, an effort is made to com- 
plete wells with a minimum diameter of 0)4 which provides adequate 
clearance and oil space for the operation of a 3-in. plunger pump, the 
size of pump commonly used. Many wells are finished with a smaller 
diameter than this, but it si'ems reasonable to expect that production is 
not so efficiently obtained from them. It will be shown in a later chapter, 
that the flow of oil from a saturated sand vari(\s directly with the area of 
sand exposed in the well; which gives the advantage to the well of larger 
diameter, from the economic point of view as well as from practical 
operating considerations. 

Having determined upon the diameter with which the well is to be 
finished, and the necessary number of chants in size of the casing, it is a 
simple matter with the aid of the tables giving casing sizes, and bearing 
in mind that each string must pass frvdy through the previous string, to 
determine the minimum sizes of the resp(‘ctiv(‘ strings and the initial 
diameter of the well.^ Table XXVII gives various combinations of 



Table XX^ II. — Combinations of Telescoping Pipes Used in Casing Oil Wells 
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fitandard sizes of casings, showing 
sizes that telescope in the well with 
adequate clearance to insure free 
movement of the inner strings. The 
outer diameter of the collar on the 
inner string is the determining factor, 
though there should be provided in 
addition to the clearance for the 
collar, at least in. to insure free 
movement of the inner string and 
passage of the casing shoe. Com- 
bination No. 1 is commonly used in 
many American fields for deep-well 
rotary drilling, though in many cavses 
the sizes larger than 10-in. can be 
dispensed with. Combination No. 1 
is also a commonly used series for deep 
and moderately d(*('p cable drilled 
wells. The thi(;kness of the pipe 
walls of course influences the amount 
of clearance available, but the com- 
binations givcm in the table provide 
sufficient ch^arance for the heaviest 
standard casings of each size us(id. 
Figure 114 illustrates a typical casing 
installation in which thiee strings of 
casing are used. 

Collapsing Pressure of Casing. — 

It will be necessary in selecting casing 
to consider the external pressure to 
which the casing will be subjected, and 
choose a pi])e heavy enough, or with 
walls sufficiently thick, to insure 
against its collapse. The collapsing 
forces may be eithiir pressure from the 
walls of the well as a result of caving 
against the pipe, or hydrostatic pres- 
sure resulting from water or mud 
accumulating around a casing, from 
the interior of which it has been ex- 
cluded. It is impossible to evaluate 
the forces develojied asaresultof earth 
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pressure, but the amount of hydro- 
static pressure that may develop can 
be definitely calculated if all of the 
conditions are known. The hydro- 
static pressure developed afziainst the 
outside of a column of pipe by bailing 
down the well inside of the pipe after 
making a water shut-off, or by casing 
off a high-pressure water sand behind 
the pipe, may become a force of gn^at 
magnitude, and is frequently sufficic'nt 
to collapse the lighter weight casings. 
Suppose, for example, that water ac- 
cumulates around a pipe to a depth 
of 2,000 ft. The maximum water 
pressure developed will be 43.4 X 20, 
or 868 lb. per s(iuare inch; and if the 
fluid is a mud of, say, 1.2 specific 
gravity, the pressure will be 1 ,042 lb. 
Boston casing 10 in. in diameter and 
.209 in. thick 22.75 lb) will 

collapse under a pressure of 460 lb. 
per square im^h. Kven 10-in. 40 lb. 
California- Diamond B X casing will 
collapse at 1,420 11). per sciuare imdj, 
which would provide a safety factor 
of only 1 .4 in the case of the 2,000-foot 
head cited above. In general, for the 
av(U’agc oil well casing, under the 
severe conditions to which it is sub- 
jected, a ininimurn safety factor of 2 
should be used in determining propter 
casing weights, and pipe manufac- 
turers recommend a factor of 5 as 
preferable. 

For calculating the collapsing 
pressures of lap-welded, b(\ssemer steel 
casing, Stewart’s formulae may be 
used 

P = 80,670 - 1,880 (1) 

and 

f •= 50,210,000 (2) 



[^iQ. 114. — Illustniting manner of casing 
a well with three “strings” of pipe. 
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in which P is the collapsing pressure in pounds per square inch, D is the 
outside diameter of the tube in inches and t is the thickness of the wall in 
inches. Formula (1) is used for values of P greater than 581 lb. per square 
inch, or for values of t/D greater than .023; while formula (2) is for 
values less than these. Table XXVIII gives average collapsing pres- 
sures for steel tubes of different diameters and thicknesses. 


Table XXVIII. — Collapsing Pressures and Capacities of Oil Well 

Casing t 


Nominal size, 
in. 

Weight per ft 
: wth collars, 
Ib. 

Actual outside 
diameter, in. 

Actual inside 
diameter, in 

Thicknes.s, in. 

k 

•a K B 

2 - 

Equivalent 
water col- 
umn, ft. 

Water column 
with safet> 
f'lctor of 2 

Capacity per 
linear ft., 

U S gal. 

Capacity per 
linear ft , cu 
ft 

Capacity per 

I 100 lin. ft , 

; bbl 


16 

4 750 

4.082 

.334 

4,710 

10,8.50 

5,425 

. 6792 

. 0908 

1 62 

4t4 

9 . 5 

4.750 

4.304 

.193 

2, 140 

4 . 920 

2,400 

.7702 

.10.39 

1.83 


13 

5.000 

4 500 

.247 

2,900 

6,080 

3,340 

.8281 

.nor 

1.97 


ir» 

5.000 

4 424 

.288 

3,010 

8.320 

‘ 4. 160 

. 7982 

1007 

1.90 

4?r 

8 

6.000 

4.096 

152 

1 , 250 

2,880 

1,440 

. 8997 

. 1203 

2 14 

4K 

13 

6.000 

4 . 500 

. 250 

2,9.50 

0,790 

3,395 

8202 

1104 

1.97 

49i 

15 

5 000 

4.408 

290 

3,7.50 

8,030 

4,315 

7928 

1000 

1.89 

6t 

10 

6 250 

4 048 

.301 

3,. 580 

8,200 

4,130 

8814 

.1178 

2.10 

SKet 

13 

5 500 

5 044 

228 

2,210 

5,090 

2,. 54 5 

1 0380 

.1.388 

2.47 

5Mst 

17 

5 500 

4 892 

,304 

3,400 

7,840 

3,922 

97 (i4 

. 1 30.5 

2 32 

W 

20 

0 000 

5 352 

324 

3,290 

7.. 580 

3,790 

1 1677 

1.561 

2 78 

otit 

13 

6 025 

0 2.57 

184 

1 , 020 

2,3.50 

1 , 175 

1 597.3 

2135 

3.80 


17 

6 625 

6.135 

.245 

1,820 

4, 190 

2,09.5 

1 5356 

20.53 

3 66 

GH 

20 

6 625 

6 049 

.288 

2,380 

5,480 

2,740 

1 4916 

1994 

13.65 

6M 

24 

6 025 

6.921 

. 352 

3,220 

7,420 

3,710 

1 4295 

.1911 

3 40 

GH 

20 

6 625 

5 855 

385 

3,050 

8,410 

4,205 

1 3974 

1808 

3.33 

Gli 

28 

6.625 

5.701 

.417 

4,070 

9.380 

4 , 090 

1 319)7 

1827 

3 26 

GH 

17 

7.000 

6.538 

.231 

1,470 

3,400 

1 , 700 

1 7440 

. 2331 

4 15 

GH 

20 

7.000 

6 450 

272 

1,980 

4 , .500 

2, 280 

1 6988 

. 2271 

4.04 

GH 

24 

7,000 

6 330 

332 

2,730 

0,280 

3, 140 

1 0379 

2190 

3 90 

G^^ 

26 

7.000 

0.270 

.302 

; 3,100 

7.110 

3.570 

1 0001 

.2147 

3.82 

GH 

28 

7 000 

6,214 

.393 

1 3,480 

8,020 

4,010 

1 .5739 

2104 

3 75 

GH 

30 

7.000 

6.154 

.423 

1 3,8.50 

8,870 

4,435 

1 .5440 

. 2064 

3 68 

7H 

26 

8 000 

7 380 

.307 

! 1,940 

4,470 

2,235 

2 224 0 

2973 

5 30 

8 “ 

32 

8 025 

7.917 

.351 

; 2, 170 

.5, 000 

2 500 

2 5.572 

34 19 

6 00 

8)4 

28 

8.025 

8 017 

.304 

' 1 . 070 

3,850 

1 , 92.5 

2 0201 

3503 

0 24 


32 ; 

8 . 625 

1 7 921 

' .352 

1 2,1,50 

4,9.50 

2,4 75 

2 5583 

1 .3420 

6 09 

84 

30 

1 8 025 

! 7 825 

! .400 

2,030 

o,(mo 

.3 , 030 

2 4962 

1 3337 

, 5.94 

8H 

38 

8 625 

7.775 

1 425 

1 2,880 

C.O-IO 

3,320 

2 4648 

, . .3295 

; 5 87 

84 

43 ! 

8.025 

7.651 

i 487 

1 3,510 1 

8,090 i 

4,01.5 

2 3863 

.3190 

1 5 68 

9H 

33 

10 000 

9.384 

308 

1,280 

2,9.50 

1, 175 

3 5899 

4799 

; 8 55 

10 

40 

10.750 

10.0.54 

! .348 ! 

1 1,420 ! 

3,270 

1,035 

4 1210 

I 5509 

' 9 81 

10 

45 

10.750 

9.900 

; 395 

1,800 

4, 150 

2, 075 

4 0140 

.5406 

i 9 63 

10 

48 1 

10 750 

9.902 

i I 

1 2,o;fo j 

4,080 

2,310 

3 9970 

.5344 

9 . 52 

10 

.54 1 

10 750 

9.784 

! .483 1 

1 2,. 510 

5,780 

2,890 

3 9020 

1 . .5217 

9.29 

11 

47 1 

1 1 , 750 

11.000 1 

1 .375 1 

1,380 1 

3. 180 

1 , 590 

4 . 93.34 

. 0595 

11.74 

11 

00 ! 

11 750- 

10 772 , 

489 1 

2,220 1 

• 5.120 

2, .500 

4 . 7307 

1 . 6324 

11.26 

11^ 

40 i 

12.000 

11.384 

308 j 

840 ! 

1 . 940 

970 

.5 2827 

1 . 7062 

12 68 

12H 

40 1 

13 000 

12.438 ( 

1 .281 

500 i 

1,150 

1 .575 

0 3083 

! .8433 

15.02 

12H 

45 1 

13,000 

12 360 

.320 i 

7.50 1 

1,730 

805 

0 2298 

.8328 

14 83 

12H 

50 I 

13 000 

12 282 

.359 , 

1,010 

2,330 

1,165 

6 1497 

i 8221 

14.04 

12J4 

54 i 

13 000 

12.220 

.390 

1,210 

2, 790 

1 , 395 

0.0809 

.8137 

14.40 

134 

50 

14 000 

13.344 

.328 

040 

1 , 470 

735 

7 , 2598 

.9705 

17.29 

154 

70 1 

16.000 1 

15.198 

.401 

790 

1 , 820 

010 

9.4150 

1 . 2586 

22.42 

lOMs 

00 1 

20.000 1 

19.182 

I .409 

430 

980 

490 

15.0120 

2.0068 

35.74 


* 14 thread, thread. thread drive pipe; unless otherwise indicated, pipe is 10 thread. 

1 U. R. gallon equals 231 ou. in.; 42 U. S. gallons equal 1 bbl. % After F. B. Tough. 
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Inserting Casing 

In the case of a well drilled by rotary tools, no casing is inserted until 
the particular size of hole being drilled is completed. When the hole is 
drilled to its full depth, the casing will be lowered as rapidly as possible, 
and landed” on bottom or cemented to exclude water, after which 
drilling is continued with a smaller sized bit. With cable tools, a some- 
what different procedure is followed in that the casing is often installed 
joint by joint as the hole is deepened. This is not nccesvsarily the case 
when drilling in hard rock where the walls will ''stand up” for depths of 
hundreds of feet without casing. In softer rocks which have a tendency 
to cave, however, the casing must be lowered progressively as the well is 
deepened, keeping the casing shoe but a short distance above the bit. 
When the cable tools are used it is a poor plan to let the rope socket or 
jars extend below the casing shoe, because of the danger of the tools 
falling to one side and getting the upper end caught behind the shoe. 
•However, the cable tools cut a larger hole if permitted to drill 20 or 30 ft. 
ahead of the shoe, and for this reason the casing is usually suspended at 
about this distance off bottom unless there is danger to the casing or the 
tools by so doing. 

Inserting Stove Pipe. — If riveted casing is used at all in the casing of a well, 
it is invariably the first string of pipe placed. The hole is left uncased as tlu^ well 
IS “spudded in” and until such time as tne walls show a tendency to cave. The 
“starter joint” of the stove pipe string, on the bottom of which a light steel shoe 
is often riveted, is then started into the well, and as it is lowered, additional sections 
are attached, picking or riveting the joints so that they do not pull apart. Tin-, 
column of pipe in the well is supjwrted meanwhile by a pair of wooden clamps or 
friction blocks securely bolted around the pipe and supported cither on timbers placed 
on the derrick floor or by wire line slings from the casing hook. The column is lowered 
or raised with the calf wheel. A pair of drive clami)s on the drill stem may be used 
to drive the new joints lightly, until they telescope to the desired degree. 

Not more than about 200 ft. of stove pipe can be lowered into an open hole, if it 
hangs freely without contact with the walls, without danger of the picked joints 
pulling apart. Usually, however, the pipe makes contact hero and there with the 
walls so that wall friction may be counted upon to aid in holding the string together. 
Indeed, the friction developed is often so great that light driving is necessary to force 
the stove pipe into the hole. In eases of extreme friction, the hydraulic jack may be 
called into service to force the column down. 

If stove pipe is to be inserted into an open hole more than 200 ft. deep, it is better 
practice to support the column from the bottom while it is being lowered, rather than 
at the top. In this ca.se, it is lowered on a smaller string of screw casing or tubing, 
and is supported at or near its lower end by a cast-iron bushing or a casing spear 
attached to the lower end of the tubing. If a bushing ts used, it is connected with the 
tubing by a left-hand thread, which, after the string of casing has been lowered to 
bottom, can be detached by rotating the tubing. After serving its intended purpose, 
it is easily broken up in the well with the drilling tools. The hold of the casing spear 
can also be broken by rotating the tubing, but in this case the tool is removed from the 
well with the tubing. In this way 500 ft. of stove pipe may be lowered into a well 
without injury to the casing and without danger of pulling it apart. 
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Usually the stove pipe string will be carried to some predetermined depth if the 
stratigraphy is known, if not, to as great a depth as possible; though the limitations 
previously mentioned in describing this type of casing preclude its use to depths in 
excei^s of 800 or 1,000 ft. under ordinary conditions. 

When a depth is attained beyond which it is undesirable or impracticable to carry 
the stove pipe string, its shoe will be grounded) if possible, in some hard stratum, so 
that there will be no danger of the column sinking further into tlie hole during subse- 
quent drilling operations, under the influence of its own weight. After landing'' 
the stove pipe string in this way, or after it has become permanently frozen, the top is 
cut off level with the casing sills in the cellar, so that it will not interfere with manipula- 
tion of smaller strings of pipe, and preparations are inadei to continue drilling with a 
smaller size of drill, ^’econd and later strings of easing are nearly always of screw pipe, 
stove pipe being more difficult to handle at depth because of its tendency to pull apart. 
Then, too, it is not of sufficient strength to withstand the i)ressurps to which it is 
ordinarily subjected in de(*p-well service. 

Inserting Screw Casing. — In starting the second string of pipe, which, we will 
assume, is to be a large size of screw casing, a casing shoe is placed on the bottom of the 
first joint and the joint is lowered through the casing spider into the well with the 
elevators and hoisting block, untd the open collar on the iipi)er end is about 3 ft. above 
the derrick floor. The spider slips are then dropped into position about the pipe and- 
the weight of the casing transferred from the elevators to the spider. The elevators 
are then freed and attached under the collar of a secomi joint of pipe, which has mean- 
while been brought into the derrick from the casing rack. Power is then applied to 
the calf wheel, lifting the new joint of casing info the derrick with the collar end 
uppermost, until the lower end swings above the joint in the well. The thread pro- 
tector on the lower end of the new joint is then removed and the threads thoroughly 
cleaned of rust, scale and dirt, with a wire brush, after which a suitable lubricant is 
applied.* Similar treatment is given the thread in the upi:>er end of the collar on the 
joint of casing already in the well. The new joint of pijie is then lowered into the 
collar on the first joint, and a snubbing rope is applied to turn the upper joint by 
hand until the threads engage in the collar. The swivel hook above the elevators 
allows the casing to turn readily, while the spider prevents the casing in the well 
from turning. The casing tongs are then ai)plicd and the upper length of pipe turned 
as far as possible by hand, after which a jerk line is run from the tong handle to the 
crank, or to one of the rotary cat-heads, and the engine power is used to securely 
tighten the joint.. With the tongs grii)ped about the pipe, if the, cable tool rig is 
employed, each revolution of the crank turns the casing through about a quarter 
revolution, the tongs being rapidly swung back as the jerk line slackens on the upper 
half of the arc of the crank, for a new grip on t,he pipe. Afl.er the joint is securely 
tightened, the tongs are removed, the column of j)ipe is lifted far enough to release 
the slips by applying jxiwxr to the calf wheel and after removing the slips from the 
spider, the column is lowered until the collar on the upper end of the new joint is 
about 3 ft. above the derrick floor. This process, as outlined, is repeated for each 
joint of pipe added to the column in the well, until the casing shoe is within 20 ft. of 
resting on bottom. 

If cable tools are to be used, drilling is then resumed, the column of casing being 
suspended on the spider with the upper end but a short distance above the derrick 

* The following formula is recommended for use in preparing a lubricant to be 
used on casing threads: tallow, 200 lb.; white lead ground in oil, 300 lb.; graphite, 
24 lb. ; lard oil, 30 gal. The lead is mixed with one portion of the oil, and the graphite 
with a second portion. The tallow is next melted and all ingredients then stirred 
togetherjn a suitable container until thoroughly mixed. 
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floor, so that it does not interfere with the ^ay of the temper screw. The spider is 
often lowered to the bottom of the cellar so that the upper end of the casing can be 
kept below or level with the derrick floor, and thus be out of the way of all ojierations 
in the derrick. As the hole is deepened, drilling will be infceriupted occasionally to 
add more casing to the column, so that the shoe is always kept below the jars. The 
advantage offered by the casing spider, of being able to low'er the casing gradually as 
drilling proceeds, is often lielpful in shutting out a caving formation, allowing the tools 
to work on bottom without interruption. 

Inserting Casing by Welding Joints. — The process of inserting a string of pipe, 
the joints of which are oxyacctylene-welded, is necessarily quite different from that 
described above for collared-joint casing. The pipe must first be prepared for 
welding. As already explained, plain-end pipe is used, and uidess it is properly 
beveled for welding in the mill where it is made, each joint must be placed in a 
lathe, machined to square ends and then beveled on the outside for two-thirds 
of the thickness of the pij)c. In order to reduce the number of welds made in the 
derrick, the pipe is welded into two-joint stands and three or four lugs are welded on 
the outside of each stand near one end, so that the elevators may be used in sus- 
pending it in the derrick. 

The first stand is hung in the well on slips, either in the rotary table or a casing 
spider, and a rod of welding iron, bent into a U-form, is laid acToss the upper end. ^ 
The next stand has meanwhde been hoisted into the derrick on the elevators, and is 
lowered on the IT-shaped rod, which serves to space the two joints at the proper dis- 
tance apart for welding. S])acing of the ends in this way leaves room for expansion, 
so that the casing will not be thrown out of alignment when making the weld. Two 
welders work on opposite sides of the pi))e, an arrangement which also aids in pre- 
venting crooked pipe as a result of unequal expansion. After the casing is aligned, 
twQ “tacks" are sfiot-weldcd on ojifiosite sides of the joint, after which the welding 
metal is fused, beginning at jiositions 90 deg. from the tacks. The space between 
the square ends of the joints is first filled with metal, after which the corners of the 
beveled portion are rounded off to increase the surfaces of contact, and the space 
between the two joints is filled flush with the outer cylindrical surface. After the 
weld is completed, the lugs on the lower joint are cut off with the cutting flame, 
the weld is allowed to cool and the casing is lowered on the elevators for the next 
weld. Another type of welded joint makes use of a short reinforcing tube spot- 
welded on the inside of tln^ joint. 

With 8 j 4 -in. casing, about 1 hr. is required for each weld (#.c., for each 40-ft. 
stand). Welding saves about $5 per joint (for 8 ^ 4 - 01 . pipe), by eliminating collars 
and threads, but this is partially offset by the cost of beveling the ends for welding. 
The extra cost of labor and materials used in welding, however, about equalizes the 
saving effected. Eight hours is necessary lo run in 1100 ft. of SJi-in. pipe, as against 
II 2 hr- for a like amount of screw casing. Two welders, one helper and a drilling 
crew of five men arc necessary in conducting the work, while steam simply, oxygen, 
acetylene, welding iron, etc., must also be taken into account. In the case of a 
well equipped with a welded liner in one of the C^alifornia fields, the additional 
labor and materials amounted to about $75. 

It is claimed that welded liners will stand more jarring and pulling than collared 
joints without danger of parting, do not freeze so readily and there is less loss of 
working space in the well because of eliminatidli of the collars. In removing a 
welded liner from the well, it must be cut apart in stands of convenient length. This 
may be done with the cutting torch, but is preferably accomplished with pipe cutters 
which leave the ends straight and properly beveled for welding when the string is 
replaced. 
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Landing Casing. — When a string of pipe has been carried to as great 
a depth as is necessary, or as is deemed desirable, and a change in the 
diameter of the bore is to be made, the casing must be properly supported 
so that it will not follow down the hole under the influence of its own 
weight, during subsequent drilling operations. If possible, a stratum of 
hard rock will be selected in which to *Mand^' the column of pipe, and a 
slightly smaller hole will be drilled a few feet ahead, into which the casing 
shoe will be driven. When the change is made to the smaller size of 
bit to be used in drilling the next section of hole, the casing will be sup- 
ported on a narrow shoulder of hard rock, and with the shoe thoroughly 
embedded in it (see Fig. 137). 

Cementing Casing. — If a string of pipe is to be used to exclude water, 
the procedure is somewhat different. The method of landing the pipe 
described in the preceding paragraph may be successful in excluding water 
(see '^Formation Shut-off'’ on page 269), hut most operators prefer to 
exclude water by surrounding the casing at its lower end with a plug of 
cement, which completely fills the space between the casing and the walls 
of the well. The cement is placed, by methods to be described in detail 
in Chap. IX, with the casing shoe a few feet off bottom; but the shoe is 
lowered to bottom and driven into a tight hole previously prepared for it, 
before the cement has taken its initial set. This leaves a few feet of 
cement which must be later drilled out of the casing. A period of from 
10 to 16 days is usually allowed for the cement to harden before drilling 
is resumed. 

Perforating the Oil String. — The last column of casing to be placed in 
the well is that which penetrates the oil sand, and is therefore called the 
“oil string” or “liner.” This pipe must be perforated with a series of 
round holes or slots, opposite the oil-producing stratum, in order to admit 
the oil to the pump. The pipe may be perforated in the shop before 
lowering it into the well, or the openings may be made in the well with the 
aid of a casing perforator. The methods of perforating casing, the plac- 
ing of screens and other details incidental to the completion of the well 
and preparing it for production, are to be described in Chap. XL 

Salvaging Pipe in Casing a Well. — It is not necessary that all strings 
of casing in a well come to the surface. Unless water is to be excluded 
by a column of casing, it may be cut off about 50 ft. above the shoe of the 
preceding string, and considerable casing salvaged (see Fig. 114). A 
“water string,” however, must always extend to the surface so that 
water may not accumulate behind it and overflow into the lower part of 
the well. A string of pipe v-hich is not intended to extend to the surface 
may have placed in it at the proper point a “bell collar” having left-hand 
threads in one end, so that by rotating the column of pipe after the 
shoe has been placed on bottom, the column is broken at the bell collar 
and the upper end is removed. Casing may also be cut at any desired 
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point by the use of a tool made for* the purpose and called a casing 
cutter’^ (see Fig. 121). 

DIFFICULTIES ENCOUNTERED IN HANDLING CASING IN THE WELL 

Casing difficulties arc the result of either freezing, collapsing, telescop- 
ing, parting or splitting. Freezing results from caving of the walls against 
the pipe, accumulation of mud around the casing collars, contact with the 
walls in a crooked hole or failure properly to ream a tight place in the 
well. Collapse of the casing is due to external pressure, generally hydro- 
static. pressure; though caving of the walls or a loose bowlder in the walls 
bearing against the pipe as it is forced down may deform it. Telescoping 
of a column of pipe may result from dropping it accidentally, or in the case 
of stove pipe, by driving it too severely at the top when the lower end is 
frozen. Parting, or pulling apart of a column of pipe, may be the result of 
extreme tcnsional strain engendered by its own weight or by trying to 
pull it up when it is frozen. It may result from defective threads or from 
failure to couple the joints properly; or the lower end of the column may 
be loosened by turning the pipe in the well, or by the jar resulting from 
hammering on its upper end in driving it down. A column of stove pipe 
often pulls apart by failure of the picked joints to hold together. Prema- 
ture explosion of a charge of dynamite or nitroglycerin will generally part 
the casing opposite the point of explosion. Splitting of casing usually 
indicates defective welding in the manufacturing process, but it may be 
caused by drilling out material which has ‘‘ heaved up from the bottom 
into the casing, or it may result from the use of a swedge, casing spear 
or other fishing tools (see pages 237 and 238). Most of these difficulties 
may be avoided by proper selection and inspection of casing and care in 
coupling the joints together and lowering the column into the well. Good 
judgment is also necessary in determining to what depths a string of pipe 
may be carried under the conditions applying, and what strain can be 
safely put upon it. The condition of the walls of the well, whether or 
not the hole is crooked, or if all tight places have been adequately reamed, 
will also have an important bearing on the success of a casing 
installation. 

Freeing Partially Frozen Casing. — If the casing develops frictional 
contact with the ‘'formation,’' that is, if it shows indications of being 
collar-bound with mud and loose material from the walls, 'it can often be 
freed by alternately raising and lowering a few times for a distance 
of 20 or 30 ft., working the loose inate*al past the collars and shoe 
so that it falls into the bottom of the well.® If this fails to relieve the 
friction on the pipe, the well may be bailed down within the casing so that 
hydrostatic pressure aids in clearing the spa(‘.(^ about the pipe; or a hole 
may be drilled ahead of the casing shoe so that there is adequate space 
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into which the mud may flow. The pressure conditions may be re- 
versed by placing a circulating head on the top of the casing and pump- 
ing water down through it under pump pressure in the hope of estab- 
lishing circulation back to the surface through the space around the 
pipe. If circulation can be established, the mud will be gradually 
removed by the upward current. If difficulty is found in securing circula- 
tion under the pump pressure available, a slit cut in the casing shoe or 
in the pipe immediately above is often effective. 

If friction on a column of casing is due to an effort to lower it through 
too small a hole, the best remedy is to pull the pipe up until the shoe is 
above the tight place, and under-ream it thoroughly. Under such condi- 
tions, particularly if the pipe has been driven, it is often impossible to lift 
the column against the friction with the power available from the calf 
wheel and hoisting blocks, or without placing undue strain on the derrick. 
In such a case a combined pull and jar is often successful where a simple 
pull fails. This is accomplished ])y lowering a casing spear (see description 
of spear on page 238) below the stem and a pair of fishing jars, taking 
hold with the spear inside of the pipe near th(' bottom, and jarring up with 
a long stroke of the beam. Tension is meanwhile held on the casing with 
the hoisting blocks and elevators (see Fig. 116), or a lifting force may be 
applied to the casing by m(‘ans of screw or hydraulic jacks. 

Driving Casing. — If friction on the pipe ivS thought to bo chie to a crooked hojc, 
or if it has been gradually increasing and the landing depth selerled has been almost 
reached, the pipe may be driven from the surface, in the hope of reaching the required 
depth before the pipe becomes completely frozen. AltcTnate driving and pulling of 
casing is also effective in freeing it from wall friction. Driving the casing down will 
often leave a free space above the collars, so that the pii)e can be readily drawn back 
the same or, often, a slightly greater distance. Alternate driving and pulling back 
in this way will in many cases gradually free frozen easing until it can be moved up 
and down the length of a joint of pipe, when it should pull quite freely. In driving 
casing, “spring” and “vibration ” of the pipe are the means of loosening the envelop- 
ing sediment. The method of driving casing from the top with the drive clamps and 
head has already been described. Driving from the top is likely to be detrimental 
to the pipe, often loosening the joints, or in some cases stripping threads in the 
collars; furthermore, much of the force expended at the top of the column is 
absorbed at depth by the elasticity of the pipe. 

A long column of pipe can be driven more satisfactorily by applying tlie vibration 
near the bottom instead of at the top.^ This can be accomplished through the use 
of the jar-down or drive-down casing spear. The tools are strung as in fishing (see 
page 239), with long-stroke fishing jars below the stem and with the spear screwed 
on the bottom of the lower link of the jars. The slips on this spear arc so constructed 
that they slip up a conical recess and out against the inner face of the casing, pre- 
venting the tools from going farther down the hole. The process of driving down 
with this equipment consists simply in gripping the casing with the spear at the 
desired depth and operating the walking beam with a stroke sufficient to cause the 
jars to strike on the down stroke. The position of the spear must be changed fre- 
quently to prevent the pipe from becoming distorted by the outward pressure of 
the spear slips. 
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Lubricatiiig Casing with Oil to Reduce Friction. — Observation has shown that 
pipe will freeze less readily in rocks saturated with oil, and in some instances petroleum 
has been circulated in wells with the hope of reducing friction of the walls against 
the pipe. This method has apparently met with some success in certain California 
fields where it has been found possible, by circulating oil, to keep a long string of 
pipe fairly free in the well, while ordinary unlubricatcd casing in the same territory 
freezes rapidly. It seems probable that the oil saturates the material in the walls, 
rendering them more plastic, thus releasing the hold on the pipe. Furthermore, 
loose sand, which tends to pack about the casing collars in the ]:)resence of water, 
remains in suspension in oil. Casings, apparently firmly frozen, have been released 
by circulating oil with pump pressure under the shoe and back to the surface. In • 
one case a column of 12J-2"in. casing was frozen in a 15-in. hole and the derrick was 
“pulled in” in attempting to release it. After the derrick had been rebuilt, oil was 
circulated for 3 days and the string was readily pulled out.® 

The dangers involved in pulling on frozen casing are well understood by most 
drillers. When one considers the enormous mechanical advantage of the ordinary 
band wheel, calf wheel and hoisting block combination — ordinarily about 144 times 
the lifting force of the engine — it is apparent that we an^ dealing with a force of 
great magnitude, sufficient either to jiull the pipe ajiart or collapse the derrick. Many 
men have been killed or injured by the collapse of the derrick or by contact with the 
calf line, hoisting blocks or elevators in the sudden release of tension when the casing 
pulls apart near the surface. The equipment should be operated from the engine 
house in pulling casing. 

Parting and “Sidetracking” Frozen Casing. — Should it become impossible, by 
any of the methods suggested above, to move the pipe either up or down in the hole, 
and it is essential to continue to a greater depth with the size, of pipe in use, the 
pipe must be parted above the point at which it has become frozen, and the lower 
end “sidetracked.” It is possible to locate approximately the depth at which the 
pipe is frozen by lowering a fishing string and jar-down s])ear, taking hold inside 
of the pipe at intervals, jarring, and noting the change in character of the vibrations 
produced in the pipe. When the spear takes hold above the “friction,” the jarring 
produces a metallic ring in the pipe that is quite absent when the s])ear is attached 
below. Knowing the approximate depth at which the casing is bound, it may be 
cut with a casing cutter, or ripped with a casing slitter or perforator, and pulled apart 
a short distance above; or, it may be jmrtcd with a charge of dynamite or nitro- 
glycerin. The explosive should be used in small quantities — 10 to 15 lb. of 40 per 
cent dynamite is sufficient in most cases. The upper end of the column of pipe may 
be withdrawn after parting by cither of these methods, a new shoe placed on the 
bottom and the column replaced until the new shoe is about 75 ft. above the top of 
the parted string. The lower part of the well is then redrilled, proceeding cautiously 
until the detached column of pipe is passed. 

“Sidetracking” Casing. — When a portion of a string of pipe has been either acci- 
dentally or intentionally parted, and it is found to be impossible for one reason or 
another to remove it from the well, an effort must be made to drill past the parted 
string. This may be a difficult procedure in hard rocks, but is easy of accomplish- 
ment in soft formations. Since it is necessary for the new casirfg to make a slight 
bend in passing the old pipe, an effort should be made to enlarge the hole by under- 
reaming for a distance of 60 or 75 ft. above the*top of the parted pipe.® The drill- 
ing tools are then put to work as in ordinary drilling, upon the top of the old pipe, 
gradually battering and distorting it until the tools work off to one side. Difficulty 
is often encountered in getting the new casing shoe to pass the top of the old pipe, but 
turning the string at the surface will often allow the shoe to slip past. Once by the 
upper end of the parted column, little difficulty results, the new hole being drilled at 
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one side of the parted column and the latter eventually cased off. Contact between 
the collars or ragged edges on the parted string and the shoe on the new string 
may cause slight delays, but patience in manipulating the casing at such times will 
usually overcome the difficulty. Various types of reamers and eccentric bits are 
used by some drillers in sidetracking pipe to aid in enlarging the hole and clearing 
the way for the new pipe. Often, better progress is made in drilling by the old pipe 
than in drilling the original hole. In some cases, hundreds of feet of casing are 
successfully sidetracked in this way, and occasionally several separate sections of 
pipe will be cased off in a single well. The method described may also be employed 
in sidetracking lost drilling tools or other well equipment impossible to recover by 
* fishing. 

Operations involved in the repair or replacement of collapsed, telescoped or parted 
casing partake of the nature of “fishing,” and are reserved for description in Chap. 
VIll devoted to “Fishing Tools and Methods.” 

Measuring Casing: Stretch and Sag in a Column of Pipe , — It is 
occasionally necessary to know the exact length of a string of pipe, or the 
precise depth at which the shoe of the string is located. The repair of 
old wells, the exclusion of water occurring in strata imiru^diately above 
an oil sand or the depth at which to place perforated pipe, detonate 
explosives or apply casing cutters or other special tools, are operations 
which often require fairly exact casing measurements. In order that 
such information be available, it is a good plan to re(JOrd it as a part of 
the log of the well (see page 57), which is carefully preserved as a record 
for future reference. 

While it is possible to determine approximately the length of a columii 
of pipe by measuring each joint that goes into it (length from top of 
collar to top of low('r threads), the sum of such measurements will 
seldom give the exact length of the column due to variation in the length 
of threaded ends in the couplings. A better method is to measure the 
length of each stand or joint with a steel tape after the joints have been 
‘^set up’^ with the tongs and are ready to be lowered into the well. 
Even such a measureiiKuit is not altogether reliable if it is to be used as a 
means of correlating with a stratigraphic record, say, in determining the 
precise depth at which to make a water shut-off, or to place perforated 
pipe opposite an oil sand. This results from the “stretch” of a column 
of casing under its own weight, which tends to make the column longer 
than the tape measurement would indicate; and the “snaking” of the 
pipe in the hole, which results in some cases in a considerably greater 
length of casing being placed in a hole than the actual drilled depth. An 
approximate calculation of the elastic elongation of a column of pipe 
hanging freely in a well, for example, indicates that 3,000 ft. (tape 
measured) of 10-in., 40-lb. pipe, would actually be 6 in. longer. Linear 
expansion in a column of this length subjected to an average increase of, 
say, 50°F. in ground temi)crature, will add another foot to the length of 
the pipe. It is a matter of common observation, in pulling a column 
of casing out of a deep well, that several feet, or, at times, even a joint 
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or more may be pulled up at the 'surface before the full weight of the 
pipe is felt. This can be nothing else than stretch in the pipe, or surplus 
pipe that results from “ staggering of the casing from side to side in the 
hole. Many drillers consider a stretch of 1 in. to 100 ft. a normal 
elongation in pulling frozen pipe. If a well departs from the vertical, 
by say 5 deg. in a depth of 3,000 ft., the bottom may actually be 12 ft. 
nearer the surface than the length of the pipe in the hole would indicate. 

The actual depth to the lower end of a column of casing may be 
checked by an independent measurement after the column is in place ih 
the well, if precise data are necessary. In such measurements, it is 
customary to lower some tool — such as a ripper, an under-reamer, a 
latch jack, or a specially designed hook — which can be made to catch on 
the lower edge of the casing shoe, carefully measuring the length of the 
cable on which the tool is suspended.'^ An under-reamer of the same size 
as the casing gives especially satisfactory results. The lugs (»xpand 
after passing below the sho(', and on pulling the tool up so that the lugs 
strike against the shoe, the resulting vibration indicates definitely the 
position of the shoe. 
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FISHING TOOLS AND METHODS 

The recovery of tools, cables, pipe and rods that have become detached 
Vhile in the well, or that have been accidentally dropped into the well, 
and the repair of damaged casing, arc operations that require the highest 
skill and ingenuity of the driller. In many cases, the completion of the 
well hinges upon success in recovering the lost equipment or making 
the necessary repairs. Days, weeks or even months may be spent, and 
large sums of money expended in fishing operations. 

A great variety of special tools have been devised to assist in such 
work, some of which are described and illustrated in the present chapter. 
Only the more common fishing tools will be discussed, and these but 
briefly, it being quite impossible, in the space available, to adequately 
describe all of the many tools that find application in fishing operations. 
Indeed, many of these tools are but rarely used; in some cases a tool will 
be made for a particular purpose and never used again. Only the largest 
operators can afford to own more than a limited assortment of such tools 
because of their great cost and limited use, and many operators make a 
practice of renting them from local supply houses as they arc needed. 
The technic of fishing is mastered by comparatively few drillers, and the 
industry is developing specialists in this work, who undertake the recovery 
of lost tools or the repair of damaged casing under contract. 

One might suppose that the loss or breakage of a tool in the well, or 
the parting or collapse of a string of casing, is the result of carelessness, 
and might be avoided by proper design and care in the conduct of the 
work. While this is true to a large extent, it must be recognized that 
such accidents are a natural hazard; that they are inherent from the 
very nature of the work, and therefore can never be entirely overcome. 
However, proper care in handling the equipment, and frequent and 
thorough inspection of cables, casing, di:ill stem, tools and tool joints 
will greatly reduce the number and frequency of fishing jobs. Drilling 
cables and sand lines should be watched carefully for signs of weakness 
or unusual wear; drilling tools, drill stem and casing should be inspected 
for incipient cracks, particularly at welds; and no tools or equipment 
should be lowered into the welf unless, as far as can be detected, they are 
in perfect condition. In anticipation of the inevitable fishing job, it is a 
good plan to fully record the dimensions of everything lowered into the 
well, so that information will be at hand for designing or selecting a suit- 
able fishing tool. 
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We may classify the various fishing tools to be described, according to 
the purposes for which they are intended, or the nature of the operations 
in which they are used. There is a large group of fishing tools designed 
for recovering various parts of the string of cable drilling tools; another 
group is intended chiefly for taking hold either on the inside or outside 
of hollow cylindrical objects, such as casing, bailers or rotary drill stem; 
still others are designed to expand, cut, rip or perforate casing; and there 
are also a number of tools used in recovering or cutting hemp rope or 
steel cable in the well. • 

REPAIRING AND RECOVERING DAMAGED CASING 

The difficulties encountered in handling casing in the well were out- 
lined in Chap. VI 1. The methods of releasing frozen casing were there 
discussed, but the methods of repairing collapsed, parted and punctured 
casing were deferred until the present chapter. 

Collapsed Casing 

Use of the Casing Swage. — Collapsed casing, which has been parti- 
ally flattened, dented or otherwise distorted from its original cylindrical 
form, as a result of abnormal external pressure, can often be brought back 
to its original form by driving a casing swage through the collapsed 
section. Common types of casing swages are illustrated in Fig. 115. 
They have solid cylindrical bodies, pointed at the lower end, and equipped 
at the upper end with a tool joint for connecting with the lower link of the 
jars. A spiral groove or water course is cut in the cylindrical surface 
to allow the well fluid to pass as the tool is lowtjred down through the 
pipe. The maximum diameter of the cylindrical body of the swage 
is but a fraction of an inch smaller than the diameter of the casing for 
which it is designed; thus, casing with a lO-in. insid^^ diameter should 
permit the passage of a swage in. in diameter. 

The swage is attached below long-stroke fishing jars, and the latter is attached 
to the lower end of the drill stem.^ The tools, thus connected, arc lowered into the 
well until the swage encounters the collapsed or dented portion of the pipe. The 
weight of the tools is then transferred to the walking beam, the jars being permitted 
to telescope and strike on the down stroke. As the swage is driven ahead by the 
impact of the stem and jars, the temper screw is let out sufficiently to keep the jars 
striking on the lower end of the down stroke. When the swage has been driven 
through the collapsed section and has entered the undisturbed ^ipe below, the tools 
swing freely, resulting in an unmistakable change in vibration and cable tension. 
The swage must now be drawn back through t^e collapsed section, and will probably 
have to be jarred back by permitting the jars to strike on the upstroke. The swage 
should be driven down and back through the pipe until it can be pulled through with- 
out jarring. 

When it is thought that the pipe is badly flattened, it is preferable to drive a 
swage of smaller diameter through first, and the full diameter of the pipe attained 
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through the use of successively larger swages. The swage sometimes becomes wedged 
in the casing, and if the pipe is split, either by the collapse or by the pressure of the 
swage, a most difficult situation may result through loose debris entering above the 
swage and wedging about it. 

Recovering Parted Casing 

When a string of casing has pulled apart in the well as a result of a 
defective joint, insufficient thickness of metal, severe tensional strain — as 
in attempting to pull it out of the well when the lower end is frozen — or 
when it has been purposely parted with the aid of a casing cutter, ripper 
or explosives, either of several different tools may be used in recovering 
the lower end. If the condition of the well and the casing permits of 
withdrawing the pipe to the surface to join the parted ends, this method is 
generally preferred, and for this purpose use may be made of either a 
casing spear, which takes hold inside of the pipe, or a casing bowl or 
overshot, which takes hold outside of the pipe. If there is reason to 
expect that the upper end of the parted column is splintered or irregularly 
fractured, as often happens when casing is parted with explosives, a 
mandrel socket may be preferable. If it is considered best not to remove 
the parted string from the well, connection may be made with it by a 
new string lowered from the surface, with a die nipple placed on the 
lower end. 

Use of the Casing Spear. — There are many typos of casing spears designed for 
taking a hold on the inside of a column of pipe, but they can all bo classified into two 
groups: (1) bulldog spears, which have no mechanism for releasing the spear once it 
takes hold, and (2) trip spears, which may be readily released, either by turning the 
tubing on which they are lowered, or by driving down upon them with the fishing 
jars. 

Common forms of casing spears are illustrated in Fig. 1 15. They consist usually 
of a substantial cylindrical steel body, pointed somewhat at the lower end to guide 
the tool into the pipe whi(^h it is to recover, and equipped with a pin joint at the 
upper end for connection to the fishing jars or drill stem. Inclined planes arc mach- 
ined out of the cylindrical body for either two or four slips, the slips operating in 
grooves and keyed to a mandrel extending up through the body of the tool. In the 
ease of the trip spear, the mechanism controlling release of the slips must be built 
inside of, or below, or above the main body of the tool, and often consists of a spring 
device operated by a latch or trigger, which can be tripped by revolving the tool, 
or by driving down upon it with the jars. 

In using a spear to recover parted casing, the tool is screwed to a mandrel and 
the latter is attached to the lower end of the jars.^ If the spear to be used is of the 
bulldog type or a type of trip spear that is releas(‘d by the jars, the fishing string thus 
assembled may be lowered on the drilling cable. If a trip spear of the type that is 
released by turning is to be used, it 'must be lowered on a string of tubing, and a 
substitute is used in connecting with the fishing string above the jars. When the 
tool has entered tlic open end of the parted pipe, it is raised until the slips slide down 
the beveled supports and bind against the walls of the pipe. 

A trip spear should be used in preference to one of the bulldog type when there 
is any possibility of the casing being frozen or otherwise difficult to remove from the 
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well. A bulldog spear can be driven further into a pipe, but cannot be pulled out 
once it has been lowered, unless the pipe comes with it, without damaging either the 
spear or the pipe. Even the trip sjiears are apt to become “bulldogged” in the pipe 
by failure of the tripping mechanism to work properly, or by caving of material 
from the walls above. When it is necessary to break the hold of a spear, the slips 
can often be worn smooth by “hitching on” to the beam and jarring both up and 
down, rasping the slips against the pipe. Such action, however, is apt to damage the 
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Fig, 115. — Tyi)e8 of casing swages and si)ears. 

A, casiiiR HWHgfs; B, bull dog single-slip spear; C, bull ilog double-slip spear, />, drive-down trip 
Rliear and A', Fox trip spt*iir. 




I)ipe. In some cases the slips break and fall into the well so that the main body of 
the tool can bo withdrawn. The slips can usually be broken off if necessary, in 
order to nnnove the tool, by driving the spear down until it passes below the casing 
shoe, and then jerking up so that the slips strike the lower edge of t he shoe. Pressure 
of the slips against the casing is apt to cause bulging or splitting of the metal. For 
this reason, the position of the spear should be changed occasionally. 

The use of a casing spear in jarring on frozen pipe has already been described 
(see page 232). A somewhat similar plan is occasionally followed when the lower 
end of a parted string of pipe has become frozen in the well (see Fig. 1 16). A spear is 
attached to the lower end of a short stem, and the latter is attached at its upper end 
to a substitute equipped with a mandrel projecting upward art its center. ^ The 
substitute is screwed into a casing collar, and the tools thus assembled are lowered 
on a column of casing of the same size as the parted string in the well. When the 
spear has entereil the upper end of the parted section of pipe and has taken hold, two 
hydraulic jacks are rigged under the casing spider in the cellar, and tension is applied 
to the pipe. A second fishing string, consisting of a combination socket (see page 
251), fishing jars, stem and rope socket, is then lowered on the drilling cable and a 
hold taken with the combination socket on the mandrel, which projects above the 
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{After T. Curtin in U. S. Ji. Mines Bull 1R2). 
Fio. 116 . — Fishing string for applying 
combined jar and pull on casing. 


strain, and is also useful in picking up 
is broken or crooked. 


substitute. The latter string is then hitched 
onto the walking beam and the stroke ad- 
justed so that the jars strike on the up 
stroke. This combined lifting force, or pull 
of the hydraulic jacks, and jarring action is 
often effective in freeing the casing. 

In addition to its use in recovering casing, 
the spear may also be used in recovering a 
lost bailer the bail of which has pulled out, 
or rotary drill stem, well tubing or any 
hollow cylindrical object to the inside of 
which access may be had from above. 

Use of the Casing Bowl. — The casing 
bowl is a hollow, cylindrical tool equipped 
with internally placed slips which can be 
lowered over a cylindrical object and a 
hold taken on the outer surface. One 
successful type of casing bowl (see Fig. 117) 
has three slender slips mounted in machined 
inclined grooves on the inner surface of a 
steel cylinder.^ If the parted section of pipe 
has no collar on the top joint, a bowl of 
proper size can be lowered over the end and 
a hold taken sufTKaemt to withstand con- 
siderable pulling. It may be used instead 
of a die coupling or collar (see page 242) 
in cases where it is desired merely to connect 
wil.h a detached string of pipe in the well 
without pulling it out. This tool has not 
sufficient sticngth to iierinit of driving, and 
is not watertight. 

Use of the Overshot. — If a collar has been 
left on or near the upper end of a parted 
string of casing, the overshot may be used 
in recovering it. This is a tool equipped 
with three flat springs held erect within a 
steel bowl (see Fig 117). It is suspended 
on the lower end of a column of pipe of 
greater diameter than the detached string 
in the well. As it is lowered, the bowl 
guides the tool over the upper end and the 
springs press inward against the parted 
string. . It continues to descend, telescop- 
ing over the parted section of pipe, until 
the springs slip under the lower edge of a 
collar, when on pulling up on the tool a hold 
is taken sufficient to stand severe strain. 
The overshot is widely used in recovering 
rotary drill stem that has twisted off while 
in the well as a result of severe torsional 
tubing or casing that has been dropped and 



FISHING TOOLS AND METHODS 


241 


Use of the Bell Socket or Mandrel Socket. — When casing has parted and the 
upper end of the detached column is ragged or fractured so that the tools described 
above are not effective, the mandrel socket may be used. This consists of a long, 
hollow, tapered, cone-shaped socket, through which extends a mandrel with an egg- 



-1, oviTshot; B, HinRlf-alip raHiUK bowl and (\ doublo-slip casing bow’l. 

shaped knob on the lower end. Tlie mandrel is free to slide up and down within the 
socket, and on the upp(*r (‘lul a pin joint is forged for eonneoting with the jars. A 
shoulder turned on the mandrel just below the tool joint, iiennits of driving down on 
the flattened top of the socket with the aid of the jars. 



Fio. 118 .— Hell socket. Kio. 1 19 .— Illustrating ai)pli< afion of hell socket. 

As the tool is lowered b(*low fishing jars and a drill stem on the drilling cable, 
the socket passes over and the mandrel inside of the detached column of pipe.® Driv- 
ing down with the jars, with the mandrel extended below the socket as shown in Fig. 
119, the upper end of the detached pipe is collapsed and forced into the conical 
socket, thus partially closing the end of the pipe. On drawing up the tools, the knob 
on the lower end of the mandrel, now too large to pass through, grips the collapsed 
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pipe on the inside and presses it against the inner face of the mandrel. The friction 
hold, thus secured, is sufficient to withdraw the pipe if it is free to come. 

Use of the Die Nipple and Die Collar. — Steel die nipples and die collars are used to 
recut threads on a detached column of pipe in the well, and may also serve as a 
coupling after the connection has been established (see Fig. 120). The die nipple 
is designed to cut a thread on the inside of a pipe or inside of a casing collar, while 
the die collar fits over the pipe and cuts a thread on the outside. A combination 
nipple is designed to operate inside of the pipe on one end, and outside on the other. 
These tools are made of case-hardened tool steel, too brittle to stand driving, although 
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Fig. 120. — Die nipples, collars and tap for taking hold of parted casing. 
Ay die nipple; B, die collar, ooinbinod die nipple and collar, D, fishing tap 


considerable tension may be applied if pulling is necessary. Aside from their use* in 
cutting threads, they may be left as a permanent coupling in a string of pipe if, for 
any reason, it is considered inadvisalde to pull the i>ipe out of the well after a (!on- 
nection has been effected. Because of the vertical grooves left in the cutting teeth 
for the escape of metal cuttings, die niT>ples and collars are not watertight, and should 
not be left permanently in a water string. If a die coupling is to be used to couple 
two parts of a string of pipe permanently, care should be taken to select one large 
enough in inside diameter to pass the various drilling tools that must be subsequently 
lowered through it. 

Die collars and nipples are lowered on the bottom of a string of pipe of the same 
size as the parted pipe to be recovered. ^ When the tool rests lightly upon the upper 
end of the detached column, the “fishing string” is turned slightly until the pipe 
drops into position and is ready for screwing. Pipe tongs are then aiiplied to the 
fishing string, with the aid of a jerk line to the crank, the weight of the upper pipe 
being permitted to rest upon the detached pipe. As the nipple or collar is screwed 
on with the engine power, a second pair of pipe^ongs is used to prevent the pipe from 
springing back, as a result of torsional strain in* the pipe when the slack comes in the 
jerk line with each revolution of the crank. A reference mark is made on the pipe 
near the derrick floor to note the distance that the pipe settles after screwing begins, 
this being a measure of the length of thread cut unless some of the couplings in the 
fishing string “take up.” As the (^ie makes headway, a continuous increase in power 
is necessary to turn it. The point at which to stop turning is always more or less 
uncertain, but may be inferred from the amount of tension on the tongs and the 
distance that the jiipe has settled. The two strings of pipe are thus firmly fastened 
together and in condition to be pulled if desired. 
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Cutting or Parting Casing in the Well 

Occasionally it becomes necessary to detach a section of pipe in the 
well. This is often done when a string of pipe becomes frozen and the 
lower part of the column must be sidetracked (see page 233) ; and in 
salvaging pipe during the casing of a well or in abandoning it^ parting of 
the casing is commonly practiced. A column of pipe may be cut apart 
while in the well with a special tool, called a casing cutter, which is 
lowered through the pipe to the desired point, and applied against the, 
inner walls; or slits may be cut in the pipe with a casing ripper until it is 
so weakened that it can be readily pulled apart; or a charge of dynamite 
or nitroglycerin sufficient to part the pipe may be detonated in the well 
at the desired depth. 

Cutting Pipe with the Casing Cutter. — The ciivsing cutter is very similar in principle 
to the ordinary plumber’s pipe cutter, except that it is designed to operate from the 
inside of the pipe instead of on the outside. The casing cutter consists essentially 
of a heavy cylindrical steel body into which are mortised a number of sliding steel 
blocks on the outer edges of which small circular, disc-shaped wheels of steel are 
mounted (see Fig. 121). The latter revolve freely in a horizontal plane on small 
metal pins set in the outer ends of the sliding blocks. A tapered steel mandrel oper- 
ates througli a cylindrical hole tlirough the axis of tlie tool in such a way that when 
the mandrel is pressed down, it bears against the inner ends of t/he sliding blocks, forc- 
ing them horizontally outward. The casing cutter is lowered, screwed to the lower 
end of a column of tubing, which must, of course, be small enough to pass freely 
through the casing to be cut. 

Before lowering the cutter, the stretch should be taken out of the casing and 
a moderate tension applied and maintained by means of the elevators or casing spider. 
There should be enough tension in the pipe to cause the upper end to '‘jump” when 
the pipe is cut, thus indicating completion of the work to the operator. With the 
casing under tension, the cutter is lowered to the desired deptli on its tubing. The 
mandrel is then connected to the lower end of long-stroke jars small enough to enter 
the tubing, and from two to four sucker rods (see page 34.'5) are placed above the 
jars to give weiglit to the ufipcr link. The mandrel, jars and rods, thus connected, 
arc lowered on tlie sand line through the tubing until the tapered mandrel enters its 
recess in the casing cutter and encounters tlie inner enils of the sliding steel blocks 
that have been pressed in during the descent of the tool. The tubing is then turned 
by hand. The weight of the rods above the mandrel forces the blocks containing the 
knives out against the casing. •Sometimes this weight is sufficient for the work, 
but when it is not and the cutter turns with so little effort that the operator is con- 
vinced that it is making little progress, the mandrel may be driven further into the 
tool with the aid of the jars, by raising and dropping the sand line, either by hand 
or with the engine power. The mandrel should not be driven between the blocks too 
tightly or the tubing cannot be turned. ' 

Usually from 20 to 40 min. turning of the tubing will be necessary to cut the 
casing, the upper end jumping slightly when tli^i operation is completed, because 
of the tension in the pipe. The mandrel and rods should then be pulled and the 
tubing gently raised until the sliding blocks containing the cutters are forced back 
into their recesses, when the cutter can readily be withdrawn to the surface. 

Use of the Casing Splitter. — ^Lowered to the desired depth in a column of casing 
to be parted, the casing splitter or ripper may be applied in cutting vertical slits in 
the pipe. Such action greatly weakens the casing, particularly if applied to the joints 
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under tlie collars, so that the column can*bc readily pulled apart by applying moder- 
ate tension at the upper end. 

The tool consists of a substantial steel body, through which a recess is cut for 
a pointed steel knife mounted on a sliding block which slides on a steel pin in two 
inclined grooves (see Fig. 122). A pin joint is provided at the top of the tool for 
connecting with a fishing string consisting of long-stroke jars, drill stem and rope 
socket. A mandrel extends down through the axis of the tool and is attached to the 



Fig. 121. 



Fig. 122. 


sliding block which su])poi(s the knife On the lower end of the mandrel a heavy 
spring is placed, wliicli when released bears against th(‘ inner walls of the casing. 
There are single-knife and double-knife jiatterns, the laltiT type cutting two slots 
at once, 180 deg. apart on the circurnference of tlH‘ pipe. 

Before lowering the sjihtler into the casing, the spring (see Fig. 122) is raised 
on the mandrel by compressing a small trigger at the lower end of the mandrel.* 
As the tool is lowered through the easing, there is enough pi])e friction upon the 
spring to prevent it from dropping below the trip trigger. When the tool has been 
lowered to the desired depth, it is then raised a few h^et, thus drawing the mandrel up 
through the spring; the mandrel trigger snaps into place above the lower edge of 
the spring and the tool is “ tripped.'' The knife block is now held in the upper end 
of the inclined grooves by the spring pressure. The drilling cable on which the tools 
are lowered is then hitched to the beam, the play of the jars being adjusted so that 
they strike on the down stroke but not on the up stroke. With the first stroke of 
the jars the knife punches a hole through the casing, and succeeding blows will cause 
the knife to cut a slit vertically down the pipe. The progress of the knife will be 
retarded on encountering a casing coupling, but not stopped. A slight tension is 
held on the pipe while the tool is in operation. When a coupling is split, the pipe can 
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be readily pulled apart, although the coui^ing sometimes fails to spread enough to 
permit pulling without first driving down on the upper end of the column with the 
drive clamps and head. As the casing splitter is withdraw'ii, the knife block is forced 
down the inclined slots and away from the casing, compressing the mandrel against 
the spring. If necessary to effect withdrawal, the knife can readily be broken by 
driving up with the jars. 

The casing splitter is commonly used in salvaging casing when a well is to be 
abandoned, and wlum the work involved in freeing an entire string of pipe would 
be too expensive. The tool may also be used for perforating pipe opposite an oil 
sand, though it is not as satisfactory for this purpose as a somewhat similar tool 
called a casing perforator. Casing perforators are described on page 320. 

Use of Explosives in Parting Casing in the Well. — The simplest and cheapest 
method of parting a string of casing in the well is by the use of explosives. If a well 
is to be abandoned, the operator is anxious to salvage as much of the casing as possible 
at the lowest cost. An effort is first made to pull the casing. If it is frozen so that 
it cannot be readily pulled, explosives may be applied, parting the pipe a short 
distance above the shoe. If the casing still resists pulling, another shot may be 
fired some distance above the first, and blasting continued at successively higher 
points until the pipe can be pulled. Another frequent use of explosives in parting 
casing is found in freeing a water string from a cement plug when the shut-off has 
been unsuccessful. The 1 ow(t end of the pipe may be shot to pieces so that the 
upper can be withdrawn and a new shoe attached. The lower part of the hole must 
then be redrilled, and a shut-off attempted at a lower horizon. 

Either dynamite, blasting gelatin or nitroglycerin may be the explosive used, 
though blasting gelatin or ordinary stick dynamite are ordinarily preferred as safer 
and more reliable types of explosive than nitroglycerin. The explosive is charged 
into a suitable container or torpedo,^’ and is detonated with a blasting cap of fulmi- 
nate of mercury, fired either electrically, with a fuse or squib or by the impact of a 
“go-devil” dropi)ed from the .surface, h^lrctrical firing is safest, but a fuse or squib 
may be used with security if care is taken to make certain that the charge is properly 
placed and timed. Tlie risks involved in handling explosives are appreciated by 
most operators, and it is customary to ornidoy someone skilled in the use of explo- 
sives when such work is done. Often it is done under contract, by men who specialize 
in well shooting. The danger is not only to the workmen, but to the well also, for a 
premature exjilosion at some point above the desired horizon will wreck the casing, 
perhaps causing caving of the walls and burial of the well equipment, in some cases 
even necessitating abandonment of the well. 

If dynamite is to be used, it must be lowered on tlie sand line to the desired point 
in a container made of casing or tubing.* From 20 to 40 sticks of 00 per cent dyna- 
mite are carefully jiacked into a piece of casing 412 iii- hi diameter and 3 ft. long, 
with a coupling on each end and a plug in the lower coupling. In the top coupling, 
a 4J'2“ 2-i»- bushing is placed to connect wdth two joints (about 40 ft.) of 2-in. 

tubing, which contains the fuse. A plug is placed in the top t)f the tubing so that the 
entire container is watertight. A small bail at the top provides a means of con- 
necting with the sand line (sec Fig. 123). A length of fuse is cut sufficient to allow 
ample time for lowering the explosive after lighting at the surface, and a detonating 
cap is crimped on one end and inserted in a stick of the explosive in the usual way. 
With the container charged with explosive and Suspended in the well so that the 
top of the tubing is 2 or 3 ft. above the derrick floor, the squib is lowered through 
the tubing by means of the fuse until it rests upon the top of the explosive in the 
4J^-in. container. The fuse is then ignited, the plug screwed into the top of the 
tubing and the container with its charge is carefully lowered to the desired {)oint in 



246 


PETROLEUM PRODUCTION ENGINEERING 


the well. The explosive container and tul^ing will be shattered by the explosion, but 
the sand line will ordinarily be uninjured. 

When it is desired to shatter a considerable length of casing, say, several hundred 
feet — as in shooting a section of cemented pipe — a string of 23^-in. tubing, plugged 
at top and bottom and as long as the section of pipe to be shattered, can be filled 
with explosive and detonated (see Fig. 123). In this case it might be preferable to 
fire the charge by means of a squib dropped upon the charge from the surface (see 


page 334). 



iAfter T Curtin in U S. B. Minrs Bull 182) 

Fig. 123. — IllustnitinR use of tubing as Fj 
dynamite container. 



I. 124.- Illustrating manner of loading and 
lowering torpedo. 


In firing electrically, the explosive should' be placed in tubing or casing or in a 
torpedo shell, as described above, with an electric detonator on top of the charge (see 
Figs. 125 and 126). Two insulated cojiper wires .connecting with the squib are carried 
through a watertight joint in the plug whicli encloses the top of the container, and 
are bound with cord or friction tape at intervals to the sand line on which the explo- 
sive is lowered. After the charge has reached the desired point in the well, the two 
wires are connected with a blasting machine or to a 2-polo switch placed in the light- 
ing circuit, and the charge is fired. There is less danger of premature explosion 
when this method of firing is employed, and successful detonation of the charge is 
more certain than in firing by either of the other methods described above. 
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In the California fields,* most well shooiing is done with blasting gelatin, which 
is less sensitive than 60 per cent dynamite, and therefore safer to use in practice* The 
blasting gelatin is carefully tamped into a cylindrical torpedo shell made of No. 28 
galvanized sheet iron, with a few sticks of 60 per cent dynamite scattered through 
the charge to insure; comy3lcte detonation of the gelatin (see Fig. 124). Electrical 
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Fig. 120. — Allison electric detonating 
squib. 


firing is preferred, a special 150-gr. fulminate of mercury cap being used for detona- 
tion. Generally more than one cap is used, in order to completely detonate the 
entire mass, one cap being used for every 3 linear feet of the length of the shell. The 
upper end of the torpedo should be closed with a pressure-resisting seal, to prevent 
compression of the gelatin, which, it is thought, may be the cause of premature 
explosions. A “shooting iron,” consisting of a joint or two of 2- or 3-in. tubing, 
is suspended over the sand line, just above the torpedo, to prevent the line from 
being shot into a tangled mass by the explosion. The caps used are connected in 
parallel with the firing circuit, and symmetrically placed throughout the charge. 
The torpedo is usually lowered on the sand line, which forms one wire of the cir- 
cuit, while an insulated copper wire bound to the sand line at intervals completes 
the connection with the blasting machine or electric circuit at the surface. If there 
is oil in the well, there is a possibility of the electrical connection with the sand 
line becoming insulated, causing a misfire, and for this reason some well shooters 
prefer to use two separate wires for the electrical circuit instead of depending upon 
the sand line to form one lead. Before the charge is lowered, and 4)efore firing, the 
circuits should be tested with a sensitive galvanometer and a silver chloride cell. 
The latter does not produce sufficient current to fire the caps, but as an added pre- 
caution, a suitable resistance is maintained m the circuit while testing. 

Further description of the use of explosives in wells will be found in Chap. XI. 

* Goldman, F. and Stead, G. D., Oil well shooting, a //lews prepared under the 
direction of the author, University of California, 1923. 
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RECOVERING STEEL AND HEMP CABLE 

When the cable drilling; tools arc used, the drilling cable or sand line 
will occasionally break with the tools or the bailer in the well. If the 
break has occurred at some distance above the point of connection, the 
parted end will fall to the bottom in a twisted mass on top of the tools 



Fig 127. Tools for recovering drilling cable and sand line from the well. 

A, ropt* spear, B, ropo Rnib, two prong, nipp grab, threp prong; D, Spang wiroropp knife; E 
and Ct, other typt‘a of rope knives, F, rope spear wadder, H, blind rope cliopppr, 1, Ileeter’s mouse 
trap. 

or bailer, and must be recovered with the aid of a rope grab or spear. 
Occasionally, too, the drilling tools or bailer will beciome lodged in the 
well, either as a result of the walls caving or of the upper end of the 
string catching under the casing shoe. In such a case it may be neces- 
sary to cut the drilling cable or sand line in the well, directly above the 
rope socket or bailer bail, so that other fishing tools may have ready 
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access to the tools or bailer. For this purpose, various types of rope knives 
are used. The forms of rope grabs, spears and knives used will vary 
somewhat with the kind of rope to be recovered, that is, whether it is 
of manila hemp or steel wire. 

Rope Grabs and Spears. — A group of representative rope grabs and spears are 
illustrated in Fig. 127. It will be noted tliat they consist of one or more prongs with 
a number of upturned, sharp-pointed “thorns" or spikes projecting from them. A 
pin joint at the top provides a means of connecting with a fishing string consisting of 
long-stroke jars, drill stem and rope socket. The tool is lowered and spudded up 
and down on the cable until the j)rongs and spikes take liold and the rope can be 
drawn to the surface. If the broken end of the cable is not long enough to reach to 
the surface, the hold of the spear is usually sufficient to sii])port the tools or l)ailer, so 
that it can also be withdrawn. The “mouse trap,” illustrated in Fig. 127, serves a 
similar purpose. This tool is lowered on three joints of tubing.^ A few feet of cable 
will always enter the lower end, the small hinged wi(^kers take hold and, as the upper 
part of the tool is pulled up, the rope is drawn into the tubing. Sixty-five feet of 
cable can be removed with each run. 

Rope Knives. — If the bailer or tools lM‘coine lotlged in the well and it becomes 
necessary to cut the drilling cable or sand line to ])erinit of access being had by tools 
employed in loosening them, one of several tvfies of rope knives may be used. 
These knives vary from simple V- or hook-shaped bars with sharpened edges, 
or chisel and shear-shaped “choppers” us(‘d on hemp cable, to the stronger and 
more elaborate wire line knives whiidi reijuire the use of auxiliary jars and sinkers. 
The hemp knives and choppers are lowered with a sinker bar on the end of the 
sand line. 

The resistant nature of si (‘el wire cablis recjuires a knife of greater strength and 
more positive manner of application. Such tools are usually lowi'red over the cable 
to be cut, and tlie knives are tripjied or driven into cutting position on striking the 
ro})e socket or bailer bad. A common form (see Fig. 127-(i) has one or more “dog? " 
with sharpened edg(\s, so pivoted that they remain in a vertical position as long as 
the tool is being lowered, but fall into horizontal ciilting position and bear against 
the cable as soon as they are raised. Anoth(*r type (s(‘e Fig. 127-E) has a pivoted 
hollow disc, sharpened on the inner edge, which is lu'ld in horizontal position and free 
of the cable which passes through it, until triiipcd bv contact with the rope socket or 
bailer. The disc-sha])ed knife then falls to an inclined position about the cable, and 
on drawing the tool up, the ropi' is shi'ared off. Htill another tyjie (se‘c Fig. 127-D) 
is equipped with a curved knife on a steel mandrel, which is driven into cutting posi- 
tion wdth the aid of a sinker bar and a light pair of jars lowered on the sand line. 

RECOVERING PARTS OF THE STRING OF CABLE DRILLING TOOLS 

Such a variety of accidents arc possible in the normal operation of the 
cable drilling tools, that many different fishing tools are nocessary if the 
operator hopes to be equipped for any contingency that may develop. 
Perhaps the most common fishing job that aVises with cable tools results 
from unscrewing of a tool joint in the well. If the joints are not “set up’' 
securely, or if the threads are defective, vibration of the tools while in 
operation may easily cause one of them to unscrew. Furthermore, unless 
the driller is skilful in recognizing the difference in the cable vibration 
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after such an occurrence, the upper part of the string may be permitted 
to pound on the top of the detached portion until the ends become upset 
and the threads ruined. Breakage of various parts of the string of tools 
will result in all or a part of the string becoming detached — the drilling 
cable may pull out of the rope socket, the tool joints may “jump a pin'' or 
break off as a result of unequal pressure on the bit, or excessive^ strain 
from other causes. Steel will crystallize as a result of the continued 
vibration and break at some weak cross-section, such as the base of a 
pin joint or across a wrench square. Defective welds often open and 
pull apart. The jars sometimes break so that the two links pull apart. 
If the casing shoe is held too far off bottom, the upper end of the string 
of tools may fall to one side and get caught under the shoe. A cave 
of loose material from the walls may bury the tools. Under-reamer lugs 
frequently break or become loosened and fall to the bottom of the hole. 
Any one of these occurrences will necessitate interruption in normal 
drilling procedure while the detached part is recovered or the condition 
remedied. 

Use of Various Sockets. — A variety of types of sockets have been designed for 
taking hold of the different parts of the string of cable tools, some of which are illus- 
trated in Fig. 128. The ^^slip socket,” the “combination socket” and the “collar 
socket” will pass over the end and take hold of any cylindrical object. Frequently 
they are equipped at the lower end with a conical bowl which serves to guide the 
upright end of the detached tool into the slips. A group of other tools, among them 
the “horn socket,” the “round spud” and the“ corrugated sock'et,” serve a somewhat 
similar purpose, but operate on a different principle. These tools are hollow and are 
driven down with the jars over the detached tool until a friction hold is taken. If the 
drilling cable has pulled out of the rope socket, a “tongue socket” may be used. This 
consists of a pair of slips on a mandrel which is lowered into the hole in the center of 
the rope socket. A “pin socket” may be used to engage the tapered threads of 
an exposed pin joint, if a tool joint has become unscrewed and the threads are not 
damaged. For taking hold of the jar reins when they pull apart in the well, several 
special forms of sockets equipped with slips in different positions are available; thus, 
there are “center jar sockets,” intended to pass between and catch both reins of the 
broken jars; there are “jar rein sockets,” designed to take hold when one broken rein is 
longer than the other; the “jar tongue socket” and the “slide jar socket,” are tools 
that pass over and grip the tongue of the jars. Of these different forms of sockets, the 
combination socket, equijiped with slips actuated by the pressure of a powerful spring, 
is of greatest utility and is most positive and reliable in action. However, the ordinary 
type of slip socket, in which the slips are placed on the ends of a U-shaped stirrup, is 
cheaper and, for many purposes, equally reliable. 

Use of Rasps. — If the end of the detached tool has been upset and battered by 
pounding of the tools, it may be necessary to remove the ragged or upset edges or 
corners with the aid of a rasp. This is nothing more than a large file which is sus- 
pended on a drill stem and spudded up and down about the top of the detached tool. 
Two forms are available: one, the so-called side rasp, which is a single semi-circular 
bar, curved to the diameter of the tool on which it is to work, and the other a two- 
wing rasp, designed to pass over the end of the tool and work on two sides at once (see 
Fig. 129). 
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Use of the Twist Drill and Twist Drill Spear. — When the detached object is so largo 
or has been so badly upset that it fills the hole and prevents operation of a rasp or other 
fishing tool, a hole may be drilled vertically into it with a substantial twist drill which is 
rotated on tubing. After the hole is drilled, a twist drill spear may be lowered into it, 
a hold taken and, unless the friction is too great, the detached tool or object is with- 
drawn. The spear used in such a small hole is necessarily weak, and is not intended 
for lifting heavy objects, or for cases which require heavy pulling. 

Use of the Wall Hook or Bit Hook. — If a drilling bit becomes detached from the rest 
of the string in the well, it often leans against one side of the hole so that the upper 
end is not accessible to fishing tools which must pass over it to operate successfully. 



Fig. 129. -Tools lor recovering imrts of the cubic drilling “string.” 

A, types of rasps, B, wall liook, (\ hollo w-rciinicr, D, spud, E, whij> stock, F, whip stock grab, 
O, types of jar knockers 

For such a situation, the wall liook or bit hook is used. This is a tool (see Fig. 129) 
consisting of a long bar, offset from its point of support, with a semi-circular hook 
on the lower end, of jiroper size to slip around the tool under the collar, straightening 
it in the hole and supfxtrting it while it is being withdrawn. It is equipped with a 
pin joint at the top, and can be lowered on a Tstring of sucker rods or tubing, and 
functions when turned in the hole after reaching the proper depth. 

Loosening Stuck Tools. — If tin?* tools become fast in the hole as a result of caving of 
the walls, or by ‘Tieaving ” of sand from the bottom, it is generally necessary to remove 
or loosen the material over and about them before they can be withdrawn. For 
this i)urpose, either a hollow reamer, a “spud,'' or a “whip stock'’ may be used (see 
Fig. 129). The hollow reamer is merely a cylinilrical tube split into two wings and 
dressed to a sharpened edge at the bottom, which is spudded up and down on the tools 
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ill the well. Ihe two win^s spring apart aftor passing the casing shoe, and the inner 
diameter is such that the reamer passes over the detached tools in the w'ell and works 
on the material about them. The semi-cylindrical spud is used for a similar purpose. 
The whip stock is lowered on top of a lost string of tools when it is desired to drill 
by them. The beveled face of the whip stock causes the working tools to glance off 
to one side of the detached string. Tools may be 
sidetracked in this way, or they may be caused 
to fall into a hole drilled below them, in the hope 
that they will assume a more accessible position 
than they formerly occupied. The ‘whij) stock 
grab” is a fishing tool that is used in reaming the 
whip stock out of the well after the work is com- 
pleted. 

If the drilling tools are lowered without a pair 
of jars in the string, and bcioinc embedded in the 
hole, it may bo impossible to release them by a 
direct pull on the drilling cable. In such a case 
a ”jar knocker” (see Fig, 129) is often called 
into service. This is a heavy bar, from 8 to 24 ft. 

. long, which is lowered into the well on the sand 
line with its lower end encircling the drilling 
cable. The drilling cable is put under tension and 
the jar knocker is repeatedly raised 20 or 80 ft. and 
dropped on the rojic socket until the combined jar 
and pull releases the tools. The jar knocker may 
also be applied in releasing the links of the jars, 
if for any reason they should become locked while 
the tools are in the well. 

Use of Milling Tools, — When a pin is br’oken 
from a tool in the well, i(, is occasionally necessary 
to cut a new pin on the })roken end to aid in its 
removal. A milling tool designed for this purpose 

is lowered on 2-in. tubing and revolved until the n(*w pin is formed. A milling 
wheel is attaidied to the tubing and revolved by a rojie drive from the bull wheels. 
A j)art of the weight of the tubing is sustained by a special milling jack wdiich 
permits of rotation of the tubing and close adjihstment of the rate of feed. Milling 
tools of somewhat different design are also availalile for cutting through casing 
(see Fig. FiO). 



Fi(}. i;U). — Hughes milling tool 
for cut ting through and side-track- 
ing casing 


RECOVERING A DETACHED BAILER 

While no very great strain is ordinarily placed upon the bailer or its 
supporting cable, the sand line, it will occasionally become fast in the 
hole so that it cannot be removed without breaking the sand line. Cav- 
ing of the walls or heaving sand from the bottom may bpry the bailer 
completely so that it cannot be withdrawn. Again, th(^ sand line may 
break as a result of wear, or it may become unfastened from the bailer 
bail, or the bail may pull out from the top of the bail(T. In such acci- 
dents one or another of the tools described in connection with casing 
fishing jobs or cable tool fishing jobs may be called upon, or a special 
tool called a ‘‘boot jack^' or “latch jack” may be of service. 
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If the bailer cannot be pullec^ and the sand line is still intact and 
securely attached to it, a rope knife should be lowered and the line cut at 
the bail. The latch jack (see Fig. 131) may then be lowered on a fishing 
string with long-stroke jars, a stem and a rope socket, on the drilling 
cable.® The latch jack is a fork-shaped tool, often made from the upper 
half of an old set of jars, with a small bar or latch pivoted on a pin set 
in one of the two reins. As this instrument is lowered, the two reins 



Fid. 131. — Fishinf? tools for recovoriup; bailers. 

A , boot- or latch-jark; B, bailer gratis 

pass, one on cither side of the bailer bail, lifting up the latch on its pivot. 
When the bail passes the latch, the lattfu’ falls back into horizontal 
position and later engages the bail when drawn up. The tool is sub- 
stantial enough to stand heavy pulling and the jars provide a powerful 
upward blow which soon loosens the baifer if the bail does not pull out. 
In the latter event, a casing spear or a bell socket may be called into 
service. A tool desigm^d especially for recovering detached bailers is 
called a ‘‘bailer grab^^ (see Fig. 131). It contains one or two slips 
actuated by a powerful spring, and passes over the outside of the cylindri- 
cal portion of the bailer. If all of the methods suggested above fail, the 
bailer may be “drilled up^' with the tools and sidetracked. 
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RECOVERING SMALL IRREGRLARLY SHAPED OBJECTS 

Recovering small irregularly shaped objects, such as under-reamer 
lugs, slips or parts of fishing tools that break in service, is accomplished 
with the aid of cither an alligator grab” or a ^^devirs pitchfork.” 
The manner in which these^tools operate will be apparent from an inspec- 
tion of the illustrations given in Fig. 132. 



Fia. 132. — Fishing tools for recovering sm:i]| Fig. 133. — Wash-down spear with 

irregularly shaped objects. mandrel and jar. 

A, alligator grab; B, devil’s pitch folk. 


Electromagnetic Fishing Tools. — Single-pole electromagnets have 
been devised and successfully used in recovering small or relatively 
light objects from a well, and efforts have also been made to use them in 
heavier service, in manipulating casing and withdrawing detached 
drilling tools. 

For a variety of reasons, such tools have not been altogether success- 
ful or desirable from the operator's point of view. There is difficulty 
in designing an electromagnet .sufficiently small in diameter to pass 
freely through the usual sizes of casing, and yet powerful enough to 
develop the lifting force or pulling force necessary to lift or free 
the lost tool. The magnetic force must be concentrated on the lower 
end of the magnet, which in many cases will have contact with the 
lost tool only over a very small surface area. Furthermore, unless the 
magnetism can be concentrated entirely on the end, it will tend to stick 
to the casing as it is withdrawn. Mud and sediment accumulating over 
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the detached tool will often prevent close contact between the metal 
surfaces. The difficulty of transmitting current into the well and pro- 
tecting the conducting wires against abrasion, may be overcome by using 
a special cable for supporting the tool, with the transmission wires encased 
within its core; but such a cable would be expensive and probably not 
rugged enough for normal oil well service. In many cases where electric 
current is not available at the well, such a tool would be of no value. If 
the difficulties suggested above could be overcome by perfection of 
' design, however, the use of electromagnetic force in fishing operations 
possesses interesting possibilities. Such a tool would be quicker and 
more universal in its application than other tools which depend upon 
accurately gaged slips, and which often fail to work because the detached 
tool is in an inaccessible position. 

RECOVERING FRACTURED ROTARY DRILL STEM 

The most frequent type of fishing job in rotary drilling is that 
occasioned by twisting off of the drill stem. Such a fracture usually occurs 
near the lower end of the stem as a result of torsional strain, resulting 
from th(' use of too great a pressure on the bit. Th(^ fracture may consist 
of a simple shearing of the pipe, or failure may occur at a tool joint. 
In some cases the ^‘back lash’^ of the upper portion of the column of 
pipe, after the stem br(*aks, will cause a second fracture at some point 
above the first, so that the pipe is in three pieces in the w(dl. 

The ov(?rshot (wee FiR. 117) is tlio favorite tool for recoverinR drill stem twisted off 
in this way; hut if mud has settl(*d about the stem, it may be necessary to use a “wash- 
down” spear, whicli is a special form of trip casing spear equipped with a diamond- 
pointed bit on the lower end, and with openings through it for passage of the circulating 
fluid (sec Fig. 1133). It is lowered on a column of drill pipe of the same size as that 
detached in the well. Tlie diamond bit, aided by the pump circulation, quickly forces 
its way through the accumulated mud and (niters the broken stem until the slips take 
hold, after which the pipe can usually be withdrawn. 

If the detached section of drill pipe cannot be pulled, the spear can sometimes be 
recovered by rotating the drill pipe on which it is lowenuJ. Or if the fishing string has 
been tightly made up, some of the lost pipe may be unscrewed by “backing up” 
or turning the fishing string at the surface in the hope of unscrewing one of the tool 
joints in the detached column of }>ipe. 

If the jiarted drill stem cannot be recovered with either the overshot or the wash- 
down spear, it may be possible to unscrew a jiart of it in the well and remove it in 
sections. For this purpose, a string of jiipe equipped with left-hand threads is made 
up, and a hold taken on the detached pipe, either with a spear or with a left-hand 
threaded pipe tap or die iiipiile. Tlie fishing string is then rotated counterclockwise, 
which tightens the left-hand threads but unscrews the right-hand threads of the 
detached stem. There is more or l(‘ss uncertainty as to just where the detached 
column will unscrew, but thive or four joints of pipe can often b(' n'covered with each 
run. 

If the lost drill pipf? cannot be recovenMl by eit her of the methods suggested above, 
a wdiip stock is lowered into the hoh^ and tlie parted section is sidetracked. If the 
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upper end of the detached stern happens to he up inside of the well casing, a hole may 
be cut through the casing for the passage of the drilling bit and stem with the aid of a 
milling tool, after the whip stock is in position. 

A means of attaching the drill collar and rotary bit to the drill stem in such a way 
that they are not detached from the stem if a twist-off occurs, near the lower end, is 
said to greatly reduce the number of rotary fishing jobs.*’ The Baughner device, 
named after the inventor, J. D. Baughner, a California well driller, ties the four bottom 
joints of drill stem, the drill collar and bit, to the nearest tool joint above. This is 
accomplished by means of a wire cable 80 ft. long, babbitted into a rope socket at 
each end, the sockets being shouldered and resting on the pin of the drill collar at the 
lower end, and at the upper end on the pin of the tool joint. Between the rope 
sockets and the pins, slotted washers are placed, which permit passage of the circulat- 
ing fluid. The cable rotates with the stem, and in no way prevents circulation 
of the mud fluid. Should the drill collar or either of the lower joints break, the roi>e 
keeps them suspended so that they can be withdrawn with the upper part of the drill 
stem. On one well drilled in California, this device prevented 24 out of 27 fishing 
jobs due to twist-offs. 

DETERMINING THE POSITION AND CONDITION OF A DETACHED TOOL 

IN THE WELL 

Before selecting a fishing tool to n'cover a detached tool in the well, 
it is often essential to determine its position in the hole as well as the 
condition, form and exact size of the upper end. For this purpose, an 
“impression block is prepared. This consists of a round piece of 
wood about 2 ft. long, of such diameter that it can be readily lowered 
through the hole, and is coiujavc at the lower end. A few nails project- 
ing from the concave einl serve to hold a mass of soft soap. The impres- 
sion block is lowered into the hole, cither on the bottom of the bailer or 
attach('.d to the low('r link of the jars by a pin joint cut on its upper end, 
until it rests upon the top of the detached tool. When withdrawn, the 
indentations in the soaj) indicate fairly well the position, form and size 
of the upper end of th(i tool in the well, and enable ihv driller to select a 
fishing tool to recover it. 

It has been suggested that a special camera might be devised, with 
an electric lighting device and electric control, which could be lowered 
into the W(dl and a i)hotograph made of parted casing, a detached tool 
or any other obstruction. Such cameras have been used in photograph- 
ing the. position of magnetic; needles in making surveys of diamond drill 
holes, but seem scarcely applicable under the conditions pertaining in oil 
well service. The well fluid and accumulated sediment would generally 
obscure the object even if a workable camera could be devised. 
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CHAPTER IX 


OIL FIELD HYDROLOGY; EXCLUSION OF WATER FROM OIL 

AND GAS WELLS 

Occurrence of Water in Sedimentary Strata. — Everywhere, at a 
variable distance below the earth’s surface, the rocks are supposed to be 
saturated with water. The upper surface of this body of ground water, 
called the “water table,” is irregular in contour but roughly parallels 
the configuration of the earth’s surface. In most regions it is found near 
the surface, but in arid regions it may be found at a depth of several 
hundred feet. Below the water table, the rocks are assumed to be 
saturated with water until a temperature is reached at which water 
cannot exist. This again, however, is a more or less indefinite depth 
and is conditioned by many irregularities. To the general assumptions 
just given, there might be cited numerous exceptions of mines the lower 
levels of which, far below the water table, are almost barren of water. 

While all rocks below the water table are known to contain more or 
less water, the degree of saturation and tho hydrostatic pressure are 
widely variable, and circulation of ground waters is confined largely to 
the more porous beds. Sa«dy strata, which offer relatively large pore 
space and freedom for the pa?isage of fluids, are often completely saturated 
with water under high pressure,' and are called “water sands,” to dis- 
tinguish them from rocks Containing small quantities of low-pressure 
waters. It is probable, however, that even the so-called “dry sands” 
contain some water, and that tliey are only relatively dry. Clay, 
which is not usually thought of as a source of water, will often contain 
half again as much water as porous sand, but it docs not yield its water 
so readily. 

Many drillers believe that it is possible to distinguish between “water 
sands” and “dry sands” or “oil sands” by the texture or form of the 
sand grains. It is claimed that the grains of a water sand are sharper 
or more angular, or that they are smaller. Some believe that grains 
of mica are characteristic of water sand but are not ordinarily present in 
oil sand. While such characteristics are of value in correlating sands as 
between near-by wells, it must be recognized that the rock fluids are of 
secondary occurrence and cannot be in any sense related to the lithological 
properties of the sand, or to the minerals forming the grains. A water 
sand is any sand that contains water which it freely gives up. A sand 
which contains oil is an oil sand for present purposes, though at a former 
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period it may have been a wateiv sand. Conversely, an oil sand, by 
exhaustion of its oil content, may later become water-logged. 

Pressure within water-saturated sands will, in general, increase with 
depth below the water table, and is due in part to hydrostatic head of the 
superimposed column of fluid, and partly to rock pressure. There are 
many apparent exceptions to this statement, due largely to loss of pres- 
sure as a result of resistance offered by the minute rock openings. Waters 
in different beds, separated from each other by only a thin parting of 
impervious clay or shale, may be under quite different heads. 

Much of the water present in the upper horizons of the earth^s crust 
is replenished seasonally through outcropping porous beds, by percolat- 
ing surface waters; and there is necessarily considerable lateral and 
vertical movement of these ground waters in adjusting the differences 
in pressure which naturally result. Much of the water present in rocks, 
however, partic.ularly in the deeper sedimentary rocks, is connate water 
occlud(id within the rock mass during sedimentation. This water, too, 
may be forced to migrate by cementation, consolidation of sediments and 
tile accumulating weight of overlying strata, but it is in many cases held 
practically trapped within the basins of folded structures. 

Identification of Water Sands in Drilling. — In the usual processes 
of drilling, it is often a difficult matter to determine the pressure on a 
water sand, or the rate at which water may flow from it. In the standard 
or cable tool method of drilling, it is customary to maintain a certain 
depth of water in the hole, which may be sufficient to effectively prevent 
low-pressure water from entering the well. Thus, a 1,000-ft. column 
of water (exerts a hydrostatic pressure of 434 lb. at the bottom of the 
well, and if the head on a water sand is less than this, no water will 
enter the well from it. On the other hand, if the differential pressure is 
sufficiently great, water may flow from the well into the sand. If the 
fluid level in the well sinks as a new sand is encountered, it is logged 
as a ^'dry^’ sand, but this usually means merely that it contains water 
under relatively low pressure. If, on the other hand, the fluid level rises 
when a new stratum is penetrated, it becomes (Evident that water is 
flowing into the well from the new sand, and that the fluid in it must be 
under greater pressure than that represented by the column of fluid in 
the well. A study of fluid levels during- the process of drilling will thus 
give valuable data on possible sources of water which may prove trouble- 
some during a later period. If it is safe to do so, the fluid in the well should 
be bailed down whenever a new sand is encountered until the nature and 
pressure of its fluid content can be determined. At such times, samples 
of the fluid should also be gathered for analysis and future comparison. 

In rotary drilling, on account of the miidding of the walls and the 
necessity for continual circulation of fluid, it is a far more difficult problem 
to estimate the water-yielding capacity of the formations penetrated. 
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However, if a bed is porous and unller low pressure, it will probably 
absorb fluid from the circulating system so that the fluid level of the mud 
pit falls and additional water has to be added. This should be accom- 
panied by a decrease in pump pressure necessary to maintain circulation. 
If, on the other hand, a sand contains water under high pressure, the 
difference between its upward pressure and that of the column of circulat- 
ing fluid may be so small that it is not shown by the pump gage and there 
may be nothing to warn the driller of the presence of a high-pressure 
water sand that may later cause trouble unless properly cased off. It is 
obviously impractical to bail down a rotary drilled well frequently in 
order to obtain samples of rock fluids, or to make tests of fluid pressure. 

Relation of Water to the Oil. — Water sands may be found both above 
and below and occasionally within the oil zone, and are referred to respec- 
ively as “top water,” “bottom water” and “intermediate water.” The 
water which underlies the oil in the lower horizons of an oil stratum is 
commonly ealknl “edge water.” In horizontal or low-dipping strata, 
the lower portion of a thic^k oil stratum may contain water, the oil 
apparently floating on toj) of the water. It is probable, however, that in 
many suppos('d cases of this sort, there is an impervious bed separating 
the two, so thin, perhaps, that it has not been logged in the proc^ess of 
drilling. 

Chemical Constitution of Ground Waters Associated with Oil 
Deposits.™ In strata to which surface waters have access, the water is 
characteristically fresh, but in deeper horizons where movement is sluggish, 
the waters may acquire considerable percentage's of dissolved solids 
from the surrounding rock masses. (Connate waters occluded within 
marine sediments at the time of sedimentation were initially saline 
and in many cases have remained so throughout subseejuent geologic 
ages. Such waters, by interaction of different dissolved salts, are often 
the cause of secondary cementation and replacement in porous rocks to 
which they have access.*’ 

The universal association of brine with petroleum deposits is a matter 
of common knowledge, and some geologists believe that commercial 
deposits of oil arc only to be found below the fresh water level. It is 
reasonable to suppose that great changes in the chemical constitution of 
these connate waters have occurred through diffusion and deposition of 
the dissolved salts: by supersaturation and chemical interaction on the 
one hand, and concentration of salts by solution from rock masses and 
evaporative effect of gases on the other. Oil field ground waters fre- 
quently contain several times as much dissolved solids as ordinary sea 
water. Change in temperature, as a result of migration of ground water, 
may alter its solution capacity for a given salt. 

There are marked differences in the concentration of dissolved salts 
and in the nature of the salts present in oil field brines.^ The waters of 
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different strata are usually distinctive, and often differ markedly from 
each other in chemical constitution and reactivity. The dissolved salts 
commonly present in ground waters are primarily the chlorides, sulphates, 
nitrates, carbonates and bicarbonates of the alkalies and alkaline earths 
(sodium, potassium, magnesium, calcium, barium and lithium). Iron, 
alumina and silica are often present in small amounts and occasionally 
hydrogen sulphide or sulphur dioxide will be found in solution. The 
preponderance of one or another of these elements or radicals is often a 
' reliable characteristic of the water in a particular stratum, and the different 
strata in a given locality may in many cases be readily identified and 
correlated from well to well by making analyses of their contained waters 
and noting common characteristics. For example, a persistent sand 
overlying the oil measures in the Coalinga field of California contains 
dissolved hydrogen sulphide, and is so well known throughout the district 
by this characteristic that it is often used as a “ marker horizon in 
making correlations from one well to another. 

In some fields the dissolved salts present in ground waters appear to 
bear a certain relationship to the proximity of petroleum.® It is found 
in many oil fields, for example, that the waters immediately associated 
with the oil measures are notably lacking in sulphates, but are often 
high in carbonates. There is some evidence to show that this may be 
attributed to the reducing effect of decomposing organic matter from 
which petroleum is formed; or it may result from slow reduction of the 
sulphates by prolonged contact of ground waters with petroleum itself, 
under certain conditions of pressure and temperature. Reduction of 
the sulphate to sulphide is accompanied by the formation of carbonate, 
and the proportion of carbonate is thus abnormally increased. An 
unstable sulphide of iron may also be formed as a result of this reaction, 
imparting to shales and clays a characteristic blue color.® The presence 
of barium and strontium may explain the absence of sulphates in some 
cases. In the Appalachian fields concentrated chloride waters associated 
with the oil and gas contain noteworthy amounts of calcium. The waters 
are characteristically lacking in sulphates, but usually, also, lack carbon- 
ates. In some of the San Joaquin Valley fields of California, the surface 
waters contain sulphates, but in the sands immediately above the oil 
zone, sulphates practically disappear and are replaced by carbonates. 
Edge waters and bottom waters in this region are high in chlorides. So 
persistent are these characteristics that iii certain fields operators find 
it advantageous to make chemical analyses of all waters encountered in 
the drilling of wells, and are able to predict, in some measure, the position 
and proximity of the source of the sample with respect to the oil zone.* 

Suitable methods for determining quantitatively the chemical characteristics 
of dissolved salts in ground waters may be found in a reference manual published by 
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It is a matter of common belief ithat petroleums suffer an increase 
in density by contact with ground waters. This may be explained from 
the chemical point of view as a result of the reduction of dissolved sul- 
phates in the water in contact with the oil. As a product of this reaction, 
hydrogen sulphide is formed, and the carbon formerly linked with this 
hydrogen forms carbon dioxide or carbonate. It is a well-established 
fact that oil in contact with sulphides will increase its density and vis- 
cosity by the formation of complex hydrocarbon-sulphur compounds.* 

Temperature undoubtedly plays an important r61e in influencing the • 
solution capacity of ground waters for soluble salts. Temperature 
increases in a constant ratio with depth, and temperatures ranging 
between 100 and 140°F. are not uncommon in oil field ground waters 
produced from a depth of 3,000 or 4,000 ft. Waters which become satu- 
rated with a soluble salt at such temperatures may, on subsequent cool- 
ing, precipitate cementing material between the grains of porous rocks 
to which they have access. Chemical interaction between dissolved 
salts as a result of contact between different ground waters will have a 
similar effect. It is thought that the accumulation of large quantities of 
salt from waters in oil and gas wells, and the sealing of the pores of pro- 
ductive oil and gas sands by deposition of salt, also result from such 
reactions, though in some cases it is probably due to the evaporative 
effect of natural gas on water within the well, evaporation of the water 
causing accumulation and eventual saturation of the well fluid accom- 
panied by deposition of salt. 

Effects of Water Incursion in Oil Sands. — Accumulated water in the 
well has a marked influence on the rate at which oil may enter from nn 
oil sand in the bottom. Oil flows into a well by virtue of the gas or 
hydrostatic pressure operative upon it. If the oil or gas pressure is 
opposed by the hydrostatic pressure of water accumulated within the 
well, it is obvious that less oil will enter. Frequently the water pressure 
will be so great that no oil enters, and occasionally the direction of flow 
may be reversed, water entering the oil sand from the well. 

If water enters an oil-producing stratum from a well penetrating it, 
the oil will be forced away from the vicinity of the well. Furthermore, 


the American Public Health Association, entitled “Standard Methods of Water 
Analysis.^* The reactive properties of ground waters can best be studied by convert- 
ing the results obtained by quantitative analysis to a character formula expressed 
in primary and secondary salinity and alkalinity as proposed by C. Palmer in Bulletin 
479, U. S. Geological Survey, entitled “The Geochemical Interpretation of Water 
Analyses.*' U. S. Bureau of Mines Bulletin 195, entitled “Underground Condi- 
tions in Oil Fields," by A. W. Ambrose, also describes the Palmer method of 
interpretation. 

* Rogers, G. S., Relation of sulphur to variation in the gr a vity*"of "^California 
petroleum, Trans., Am. Inst. Mining & Met. Engrs., vol. 67, pp. 989-1009, 1917. 
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water entering an oil sand in this way apparently has the efifect of altering 
the properties of the sand so that it does not yield readily to the passage 
of oil through it, even if at some later time water is excluded from the well. 
If large volumes of water arc permitted to enter, they may migrate 
through the oil sands, influencing the production of wells at a considerable 
distance from the point at which they enter. Large areas may thus 
become flooded to such an extent that profitable production of oil from 
them becomes impossible.® 

Aside from its influence on oil production, the presence of water in 
the oil produced by a wcdl increases the cost of operating the well, often 
necessitating the pumping of large volumes of worthless fluid, which 
must be separated from the oil at additional expense after it reaches the 
surface. Water-oil mixtures in the well sometimes form emulsions from 
which the oil may only be extracted with great difficulty and expense. 

Because of the difficulties that result from the presence of water in 
oil wells, it should be excluded by suitable means. The necessity for 
water exclusion is one that is well recognized by oil producers, and the 
methods involved in accomplishing it have received a great deal of atten- 
tion, particularly in (tertaiii fields where the menace of water incursion 
has become a probkuri of vital importance. 

METHODS OF EXCLUDING WATER FROM WELLS 

It has been shown that water entering an oil well may have its source 
in water sands located either above or below the oil zone, and that in 
some cases it may originate within the oil sands theirivselves as edge water; 
or it may be present as an ‘^intermediate water^’ between two oil sands. 
The eventual encroachment of edge water into a well is unavoidabk', and 
by present methods it is impracticable to exclude intermediate water if 
we would produ(;e from two or more oil strata simultaneously; but the 
exclusion of (‘xtraneous top and bottom waters is readily accomplished 
by any of several methods. In the case of bottom water, in wells 
drilled to too great a depth, exclusion methods involve^ the placing of 
plugs which efTectively seal off the lower portion of the well below the 
productive zone; while in the exclusion of top water, it is necessary to 
seal off the si)ace below the source of the water, between the walls of the 
well and a watertight casing. Plugging off bottom water is relatively 
simple, but the effective and permanent exclusion of top water offers a 
problem that has taxed the ingenuity of oil producers to the utmost. 
Most of the flooding of oil sands that has resulted in many of our older 
fields has been due to ineffective methods of top water exclusion. 

Exc lusion of Toe Waters 

Use of Packers. - Early methods of excluding top water involved the 
use of various forms of packers between the casing and the walls of the 
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well. Bags of dry seeds or cereals were sometimes lowered into the well 
and manipulated until they passed under the casing shoe and up behind 
the casing above the shoe. On contact with water these materials 
expand and close the space about the pipe so that the descent of the 
water is checked. Packers made of loosely wrapped canvas or hemp rope, 
placed on the outside of the pipe before lowering into the well, may be 
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compressed into a shorter length, causing increase in diameter by proper 
manipulation of the pipe (see Fig. 134). Mechanical packers, designed 
to expand a rubber cylinder against the walls of the well by rotating the 
casing on which they are placed, are available, and may be effectively 
used in excluding water under favorable conditions.* All packers are 
constructed of materials which can scarcely be regarded as permanent in 
the sense that they will function effectively throughout' the life of the 
well, and permanent water exclusion is necessary inasmuch as continued 
oil production is contingent upon it. Ordinarily, it will not be possible 
to replace th(^ packer at such times as it may cease to be effective, since 

* Jeffery, W. II., “Deep Well Drilling.*’ Published by W. IT. Jeffery Co., 
Toledo, Ohio, 1921. See particularly pp. 291-300. 
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it is usually difficult to withdraw the casings from a well after the walls 
have had time to settle about them. Because of the temporary nature 
of packers and the difficulty and uncertainty of setting them properly, 
they are seldom used for permanent exclusion of top water. 

Mechanical packers are widely used for water exclusion in the older 
oil fields of the eastern United States, where the wells are of small capacity 
and relatively shallow, and where the water problem is not a matter of 



such vital importance as in many of the western fields. A variety of 
different types of packers are available, designed for use under different 
conditions. All mechanical packers operate by expanding a hollow 
cylinder of rubber, lead, canvas or burlap at the desired point in the 
well, either by compression from the ends, against a tapered metal sleeve 
or by rotation of screw devices. They are lowered and manipulated on 
either casing or tubing, and may be used to seal off the space between 
two strings of pipe, or between the pipe and the walls of the well. Rubber 
packers range from 3 to 8 ft. in length, the rubber sleeve varying from 1 
to 3 ft. in length. Canvas packers arc commonly about 8 ft. long, with a 
canvas or burlap sleeve 3 ft. in length, though special packers of this 
type may be secured which are as long as 20 ft., with an 8-ft. sleeve of 
canvas or burlap. 

Bottom-hole packers (see Fig. 135) are used on the lower end of a string of pipe 
to close the space between the pipe and the walls of the well. The packer is held in 
its extended position by copper rivets through the conical metal sleeves, but these 
are sheared, permitting the sleeves to telescope and expand the rubber cylinder 
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when the full weight of the pipe is allowed to rest on bottom. The lower end of 
such a packer is equipped with a substantial reinforcing shoe, while the upper sleeve 
is threaded to connect with the casing. The rubber cylinder fits snugly over the 
top or inside sleeve, and is about % in. smaller in diameter than the hole it is designed 
to close when expanded. 

Wall packers are used to close the space between two strings of pipe, or between 
the pipe and the walls of the well at some point above bottom. They are of several 
forms, the better known types being the disc wall packer, the hook wall packer, the 
anchor packer and various forms of screw packers. Wall packers are often equipped 
with a series of slips operating on a tapered cone, and friction springs which are 
intended to support the weight of the casing or tubing on which the packer is placed. 
Screw connections are provided at top and bottom for tubing or casing. 

The disc wall packer (see Fig. 135) is lowered to the desired position, coupled 
into the column of casing at the proper point. The slips are held on the lower portion 
of the conical sleeve by a hinged steel disc, across the inner opening of the hollow 
sleeve composing the body of the packer. A weight — such as a piece of 1-in. pipe, 
6 or 8 in. long, dropped from the surface when the j^acker is in position — breaks or 
dislodges the disc and releases a spring surrounding the lower sleeve and compressed 
between the slips and the bottom collar. This spring forces the slips upward On the 
tapered cone. Further lowering of the column of pipe causes the friction springs to 
advance the slips further up the conical sleeve, pressing them outward until they 
bear against the walls of the well or against the outer casing. The slips thus support 
the casing or tubing and the weight of the pipe above the packer, compressing the 
rubber cylinder, causes it to expand until it fills the space about the pipe. 

The hook wall packer operates in a similar manner, except that the slips are held 
on the lower part of the conical sleeve by a hook latch, which is released by turning 
the casing or tubing through 180 deg. (see Fig. 135). This packer is lowered into the 
well on the tubing or casing, with the hoofc latched. When about a foot above the 
point where the packer is to take hold, the pipe is given a half turn to the right, thus 
disengaging the hook and releasing the slips. The friction springs prevent the 
slips and hook from turning w'ith the pipe. After the hook is disengaged, the pipe is 
lowered until the slips slide up the tapered sleeve and engage the walls. This form of 
packer can be released by raising the casing and turning to the left until the hook is 
re-engaged, after which it can be set at a lower position if desired. The packer can 
be readily withdrawn from the well without re-engaging the hook. 

Anchor Packers. — Disc and wall packers arc used on casing or tubing which does 
not rest on the bottom of the well. If the pipe rests on the bottom of the hole, an 
anchor packer may be used at any desired point in the column of pipe. This type 
of packer is similar to the bottom hole packer described above, except that the latter 
is equipped with a shoe on the lower end while the anchor packer has a pipe con- 
nection. It is frequently used to close the space between the two strings of pipe, or 
. between the casing and the walls of the well, placing the proper length of casing below 
the packer to bring it to the desired depth in the well when the string of pipe rests on 
bottom. Another form, known as the “disc anchor packer," cannot be released 
until a hinged disc is broken by a blow with the bailer or drilling tools, or by dropping 
a weight upon it from the surface. ' 

In another form of anchor packer, the two sleeves are fastened together with a 
coarse square thread (see Fig. 135). The metal above the thread is turned down, 
so that by screwing the upper sleeve down until the threads no longer engage, the two 
sleeves telescope freely under the influence of the superimposed weight of the pipe, 
bringing pressure to bear upon the ends of the rubber cylinder. This form of packer 
may be conveniently used on the same string of casing with a bottom packer, as, for 
example, when a wall packer is to be set above a water sand, and a bottom packer On 
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a shoulder of rock below. The bottom packer is set in the manner described above; 
then, by taking a light strain on the casing and turning the pipe two full turns to 
the right at the surface, the top packer is released from the threads and seated against 
its rubber cylinder. Release of tension on the pipe then expands the rubber against 
the walls. 

Screw Packers. — The packers thus far described accomplish the expansion of 
the packing material merely by the superimposed weight of the casing. Another 
type of packer is designed to operate without the aid of the weight of the casing, and 




Fia. l.'iO. -Idcjil form of remont Fio. 1.37. — P’ormiition sluit-ofT. 
water shut-off. 


without the necessity of an anchor extending down to the bottom of the hole. This 
is the screw-down liner pa(;ker, which expands the packing material by screwing the 
upper of two conical metal sleeves into the lower. This packer is lowered into the 
well and set by means of a special ‘‘letting-in looF' mounted on a column of tubing 
(see Fig. 135). With this tyi)e of packer it is possible to lower a short column of 
casing with a packer at each end, and to set both packers firmly against the walls 
in such a way as to exclude the water or a caving formation, though the casing does 
not extend either to the bottom of the hole or to the surface. Such a packer is use- 
ful for excluding water or caving material at shallow depths where the weight of the 
superimposed casing or tubing may be insufficient to properly exj)and a wall packer 
of the ordinary type. 

Since a packer forms a }>ermanent part of the well equipment, it must be con- 
structed of material that will be long lived, and must not obstruct the free passage 
of tools or other well equipment through it. In some instances, packers must be 


OIL FIELD HYDROLOGY 


269 


gas-tight, a feature which is accomplished by a special rubber seal between the tele- 
scoping metal parts. Packers equipped with rubber cylinders are best adapted for 
use in hard rocks that do not crumble under the side pressures developed. For 
use in loosely cemented, unconsolidated formations, such packers are little used, 
the canvas packer being generally preferred. 

Formation Shut-offs. — For many years prior to the development of 
cementing methods, it was customary in the fields of the western United 
States to exclude water from oil wells by what is called the formation 
shut-off.^ ^ In excluding water by this method, it is first necessary to • 
reach a bed of some substantial, impervious material, such as hard shale 
or shell,” in which to accomplish the shut-off. When the casing has 
been properly “landed” on such a stratum, a hole slightly smaller than 
the casing is drilled for a few feet below the shoe, and the casing is driven 
into the pocket thus prepared (see Fig. 137). The frictional pnessure 
about the lower end of the casing thus developed, usually aided by 
accumulation of clay and detritus from the sludge in the well, is often 
sufficient to seal off overlying waters effectively. This method of water 
exclusion, however, is not always successful; and even though it may 
apparently be so at the time it is made, in a later p)eriod, when water 
has had time to accumulate back of the casing, it may and often does 
become ineffective. 


Cementing Casing 

The most effective im^thods yet devised for the exclusion of top 
waters make use of cement, which is forced in a fluid condition into the 
annular space lietwc^en the walls of the well and the casing, anti allowed to 
set and harden, forming a permanent and impervious barrier to the 
downward movement of top water (see Fig. 136). Portland cement 
mixed “neat” (/.e., without sand), in from 50 to 60 per cent of water, is 
commonly employed, though sometimes the walls of the well are given a 
preliminary wash with a thin mixture of hydraulic lime. 

A variety of different methods have been developed for accomplishing 
the insertion of the cement into the well.-^^ In an early method, the 
liquid cement is lowered in specially constructed bailers which dump on 
reaching bottom. Later methods made use of auxiliary tubing through 
which the cement was pumped to the bottom of the well. In still more 
modern methods, widely employed at the present time, the cement is 
pumped directly into the well casing. 

Bailer Method of Cementing. — For lowering cement into a well, 
special forms of bailers are employed, the one illustrated in Fig. 138 being 
typical. Another form, closed at the lower end with a glass disc, is 
illustrated in Fig. 139. The glass is broken by a metal plunger on 
reaching bottom. 
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The cement is mixed in a wooden or metal box placed at a slight 
elevation above the derrick floor, and flows through an inclined trough 
leading directly to the well.^® A lip on this trough serves to guide the 
cement into the bailer, which is suspended in the well with the top 
immediately below the discharge end of the trough. The bailer must 
make several trips to the bottom of the well, inasmuch as 2 or 3 tons of 
cement will ordinarily be necessary. When all the cement has been 



{After Swxgart and Beecher in U. H. B. Mines Bull. 232). 

Fig. 138. — Illustrating operation of latch-jack dump bailer. 

A, bailer cntenns well, lower end closed, B, bailer at bottom of well, ready to dump; C, after dump- 
ing. valve held open by latch. 

deposited on bottom, the casing is raised until the shoe is above the 
cement level, and is filled with water. The upper end of the casing is 
then plugged and the column lowered to bottom. The water within 
the casing, being unable to escape, prevents the cement from entering the 
lower end of the pipe as it is lowered, thus forcing the cement to assume 
its desired position about the lower end of the casing. After the pipe 
has been lowered to bottom, it should be driven ahead for a few feet, to 
prevent the cement from finding its way under the shoe before the initial 
set occurs. 

Instead of filling the casing and well with water, which may be tedious 
or difficult of accomplishment if the formation tends to absorb water, a 
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cementing plug may be used. Cementing plugs for this purpose may 
be had in several forms, the Baker and Hall plugs illustrated in 
Fig. 140 being well-known types. After the cement has been placed, the 
plug may be lowered attached to the dart of the bailer, until it is within a 



{,After H. B. Thompaon, California State Mining Bureau, Dept, of Oil and Gaa). 

Fio. 139. — Glass-bottom dump bailer. 

few feet of the casing shoe, when, on raising the bailer, the plug will 
become wedged in the pipe. A quick jerk breaks the eye bolt which 
connects the bailer and plug, so that the bailer can be withdrawn, leaving 
the plug wedged in the lower end of the casing. The plug effectively 



Fig. 140. — Types of cementing plugs. 

Left, Hall plug: center. Baker " sure-shot ’* plug for use with dump-bailer method of cementing; 
Right, Baker cement retainer for use with tubing method of cementing. 

closes the casing so that when it is lowered into the liquid cement the 
latter is forced up to its desired position about the pipe. The plug is 
built of brittle cast iron, and may be readily broken up with the drilling 
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tools, together with the small amoiftnt of cement which may find its way 
into the casing below and about the plug, when drilling is resumed. 

Tubing Methods. — Placing cement in the well by one or another of 
the tubing methods requires the use of a pump and a column of 2- or 3- 
in. tubing extending down from the surface, inside of the casing, to within 
a few feet of the bottom. In order to prevent the cement, which is 
pumped down through the tubing, from accumulating within instead of 
outside of the casing, a packing device filling the annular space between 
the tubing and casing is provided, either at the lower end of the casing 
(“bottom packer method or at the casing head (“top packer method 



(After F. B. Touyh in U. S B. Mines Bull 103) 

Fig. 141. "Three stages in the tubing m€*thod of introducing cement. 

(o) oiroulaticm established through tubing and casing; (h) cement passing down through tubing, 
circulation under shoe of casing; (r) cement in place, circulation again through casing, casing lowereo 
to bottom. 

(see Fig. 141). In either case, but especially in the latter, the casing 
should be filled with water. 

For use as a packer on the lower end of the tubing, a disc or bushing 
screwed to the tubing by a left-hand thread may be used. The outer 
diameter of the disc is such that it fits snugly inside of the casing, but 
there must be sufficient clearance to assure its free passage as the tubing 
is lowered. Other more elaborate types of packers may be used on the 
lower end of the tubing, such as the Graham packer, illustrated in Fig. 
142. If the packer is to be placed at the top of the column of casing 
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instead of at the bottom, any form of stuffing box casing head may be 
used (see Fig. 143), and if cement is to be prevented from entering the 
lower end of the casing, the well must be filled with water. 

Since the cement must be forced under the shoe and up behind the 
casing, it is necessary that circulation down through the casing or tubing 
and up to the surface be established before the cement is inserted. 
Assuming that it has been possible to 
secure circulation by applying pump ^ T 1 

pressure, the tubing and packer are ^ == 

placed in position with the casing EiS . 

shoe a few feet off bottom; pump ^ 1 EiE 

connections are provided and arrange- EH ^ 

ments made for mixing the cement. ES ■ 

After the cement has been pumped i ^ 

into the tubing, the pump suction is Under-' ’’• * I M 
switched to a supply of water, which reermed'^]!- 
serv(is to cleanse the pump and tubing ^ m'' i 

of cement and force the latter to the ^ 

bottom of the well. On emerging 
from the lower end of the tubing 
near the casing shoe, the cement is 
unable to enter the space within the 
casing and is forced out under the 
shoe, accumulating in the annular 
space between the casing and the 
walls of the well. Lccdher 

It is important to sto[) pumping Pachin 
when the cement is all out of the 
tubing, otherwise it will be forced too 

high above the shoe and will become 3hell 

much diluted with water. The time 

to stop pumping may be deb'rmined t'uj. 142.— Tuhing method of eomentiug 
V 1 1 1 • -x wells using bottom packer. 

by calculating the volumetric capacity 

of the tubing, and keeping account of the volume of water pumped 
down on top of the cement. This may be done either by pumping the 
water from a gaging tank, or through a water meter; or it may be done 
approximately by counting the strokes of the pump, if the capacity per 
stroke is known. In a somewhat more positives methofj, a restriction 
(such as a swaged nipple) is placed on the bottom of the tubing, and a 
small wooden plug is pumped down through the tubing ahead of the 
water which follows the cement. When the plug reaches the restriction 
in the end of the tubing, it is unable to pass, the pump pressure 
suddenly incrc^ases, and the operator knows t hat all cement is out of the 
tubing (sec Fig. 142). 
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After the cement has reached its proper position outside of the casing, 
the latter is given a few turns to distribute the cement about it, and 
then lowered until the shoe rests on bottom. A little cement will gen- 
erally find its way into the casing as this is done, and if the top packer 
method has been used, the surplus cement can then be flushed back to the 
surface through the casing, by pumping more water down through the 



(After F. B. Tough in U, B B. Mines Bull 163) 
Fia. 143. — Arrangements at casing head 
for cementing under pressure by tubing 
method. 



tubing. In any case, the tubing and packer must be raised above pos- 
sible contact with any cement which may have found its way inside of the 
casing before the cement has taken its initial set. On withdrawing the 
tubing, the casing should be left filled with water in order to prevent 
cement from finding its way back into the casing through any channel 
which might be left under the shoe in case the latter does not rest squarely 
on bottom. Hydrostatic head should be maintained within the casing 
until the cement has properly set. Some operators consider it good 
practice to hold -a pump pressure of 50 lb. within the casing during the 
setting period as an added precaution. Cement left within the casing 
must be drilled out when drilling is resumed, an operation which may 
split or otherwise damage the casing; or it may so jar the pipe and the 
surrounding cement plug that the latter is loosened from the pipe or the 
walls of the well, or is so badly fractured that it is no longer watertight. 

Methods of Placing Cement by Pumping Directly through Casing. — 
Development of the tubing methods described above led eventually to 
the pumping of cement directly into the casing. Two widely used cement- 
ing methods of this type are the so-called “Perkins process” and the 
“Scott process.” 
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washer 


• Upper plu^ 


The Perkins process for cementing casing utilizes a pair of wooden 
plugs to separate the cement from the well fluid during its passage through 
the casing. The plugs also provide a means of indicating to the operator 
when the cement has reached its proper place behind the casing. The 
plugs used are of various forms, those illustrated in Fig. 145 are typical. 
The lower plug goes into the well first, between 
the cement and the well fluid. The upper plug 
follows the cement into the well and prevents it 
from becoming diluted with the water used to 
pump the cement down. The plugs arc carefully 
turned to a diameter slightly smaller than the 
casing through which they pass, and are equipped 
with wooden or metal and rubber washers which 
fit snugly within the casing. The lower plug is 
turned to a bottle-neck form below its flexible 
rubber washer and the casing shoe is held at such 
a distance off bottom that when the lower end of 
the lower plug passes through and rests on 
the bottom of the well, the upper end still 
projects within the casing (see Fig. 146). The 
washer, being flexible, yields to the pump pres- 
sure, and the free space left by the bottle-neck 
form of the plug permits the cement to flow 
out into the well. Continued pumping will 
eventually force all of the cement out of the 
casing and the upper plug will come to rest on 
the lower. The washers on the upper plug are 
stiff, and do not yield to the pump pressure; 
hence, as soon as it is stopped by the lower 

plug, circulation is cut ofif. Pump pressure at Fio"i46._Perkina cement- 
once increases and the operator knows that all inR plugs used in connection 
cement is out of the casing. The latter is then 
lowered until the shoe rests on bottom, enclosing 

both plugs within it, and the casing is driven into the bottom for a 
few feet to close all possible channels through which the cemtmt might 
find its way back into the casing. Pressure should be held on the well 
until the cement takes its initial set. Fig. 146 illustrates three stages in 
the process of introducing cement into a well by this method. Fig. 145 
illustrates a somewhat better plan which makes use of an annular disc 
of cast iron to retain both plugs within the casing. The lower plug 
is in this case bored with holes which pass the well fluid after the 
plug comes to rest on the disc. A back-pressure valve prevents cement 
from flowing back into the casing. 
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Pumping Cement Directly inW Casing without Barriers* — A rather 
widely used process in the California fields is one which is similar to the 
Perkins process described above, but operated without plugs or barriers 
of any sort to separate the cement from the well fluid. Two factors 
involved in this method tend to make the results somewhat uncertain: 
first, the extent to which the cement may bc'come diluted by admixture 
with the well fluid and water used in pumping; and second, the uncer- 
tainty concerning the precise time at which the last of the cement passes 
out of the casing. Extensive use of the method has shown that admixture 
with the well fluid is not ordinarily detrimental in casings under 10 in. 
in diameter. The time of passage of the cement through the casing 
can be calculated with fair accuracy by measuring the water used in 
pumping it down, using an amount equivalent in volume to that of the 
casing. The water so used may be gaged from a tank or through a meter. 
Most operators prefer to stop the pump while a little cement is still left 
in the pipe in order to avoid possible dilution of the cement above the 
shoe, though the necessity for this is doubtful, sinc(‘ the greater density of 
the cement would probably cause it to sink to the bottom after flow of 
fluid from the casing ceases. 

Plugging Wklls with (h^MKNT 

If a well has been drilled through a productive oil sand and 
has encountered bottom water, or if the lower })ortion of the produc- 
tive zone is partially flooded with edge water, it will be necessary 
to seal off the water by plugging the lower part of the well. Occasion- 
ally bottom water will find access to the well through cavities and crevices 
resulting from the use of explosives to stimulate oil production. The 
plugging of a well that has been drilled too deep is readily accomplished 
by either of the cementing methods that have been described above, but 
for most bottom water jobs the bailer or tubing methods are employed.^® 

It will be important in such work to estimate carefully the volume of 
that part of the well which it is desired to plug off, and to use the proper 
amount of cement to accomplish it. Too much cement might result 
in sealing a portion of the overlying productive oil sands. The casing 
and tubing must, of course, ])e withdrawn to a point above the level of 
the cement, otherwise it will be impossible to withdraw them in case of 
necessity at some future time. 

Another method that has proved effective in cementing off bottom 
water is that developed by W. W. McDonald for use in the Illinois fields. 
In this process, a hydrostatic head is maintained in the well sufficient to 
cause movement of water into the sand to be cemented. Tubing is then 
lowered to a point from 2 to 4 ft. above the top of the sand to be cemented. 
Dry cement in small amounts is then fed into the upper end of the tubing 
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and washed down with water. This, cement is carried into the water 
sand by the movement of water from the well, and gradually seals the 
pores, simultaneously building up a cement plug within the well to the 
height of the lower end of the tubing. It is important in this process to 
have a means of measuring the fluid level within the well as the work is 
in progress. 



(a) a>) (r) 

{Aftir F. B Tough m U S. B Mines Bull 10,'}). 

Fi(i. 140. Tliioe staftos in tho Perkins proces.s. 

(a) plugs and coiiiont in proces.s of boiiig pumped througii casing: water i.s pumped down on top 
of the upper plug, the well being filled with fluid, {h) the lower plug and some of the cerneiit ha.s reached 
the bottom of the well, upper plug still deseendiug, (r) upper plug rests on lower plug, cernont is in 
place and casing has been lowered to bottom 


If a bottom water sand is under high pressure, the upward force of 
water may make it impossible to hold the liquid ctunent in the bottom of 
the well until it sets and hardens. Or perhaps water flowing up through 
the cement will so agitate and dilute it that it docs not set properly; or 
channels may be developed through or about the cement plug which 
render it ineffective. In such case it is necessary to bridge or plug the 
bottom with some solid material, to provide a support for the cement and 
to protect it from the ascending waters until it can attain^its initial set. 
Bundles of strands from annealed wire cables, cut into short lengths, with 
hemp or manila fiber unraveled from old rope, can be rammed into a 
compact mass in the bottom of a well with the drilling tools, to control 
flowing water partially and to serve as a foundation for a cement plug.^' 
Short hook-shaped pieces of annealed wire cable strands also serve as an 
admirable reinforcing material for a cement plug when added strength is 
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necessary. Lead wool placed in the well in small bundles has also been 
used effectively in plugging off bottom water, and in preparing a founda- 
tion for a cement plug. Various forms of wooden, lead or cast-iron plugs 
are also available for this purpose (see Fig. 147). It may be necessary to 
provide a plug which will resist an upward pressure of 1 ,000 lb. or more per 
square inch in cases where a strong flow of high-pressure water is cncoun- 



Fia. 147. — Types of plugs. 

A, common wooden plug; B, lead plug; C, lead and rubber plug witl^ rnandrtd; i>, limit plug; E, 
wood and rubber plug; F, Guibcrson-Cfrowell bottom water plug 


tered. In such instances it is a good plan to drill entirely through the bot- 
tom water sand, starting the plug in a lower stratum where it may obtain 
a formation lock that will better resist the heavy upward pressure. 
Mudding under high pressure, as described on page 295, is also effective 
in temporarily controlling the flow until a cement plug can be placed. 

The Guiberson-Crowell plug is a useful device for plugging off bottom water. 
It consists of a pair of heavy spiral springs wrapped about a metal stem and main- 
tained under tension, as indicated in Fig. 147, by a wooden dowel pin driven through 
the stem. Oakum saturated with melted 'pitch, tar or neat cement is packed in 
the space between the spirals of the spring, this material being held in position by 
small wires passed through lioles bored in the periphery of the spirals. An anchor 
pipe of sufficient length to hold the packer in the desired position above bottom 
is screwed to the lower end of the supporting stem and the device is lowered while 
suspended from the drilling tools. When in place, a few blows with the tools break 
the wooden dowel, the stem falls through the spring into the anchor pipe, allowing 
the spirals to collapse and expand, pressing against the walls of the well and com- 
pressing the oakum between them. A little neat cement placed in the bottom of 
the hole with the bailer before placing the plug, so that the latter will be immersed 
in the liquid cement, further insures the success of the work. 
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Properties of Cements Used in Sdaling Off Water in Oil Wells 

In cementing oil wells, portland cement of a special grade is commonly 
used. Oil well cements should not set within a shorter period than 1 hr., 
and the initial set should occur within 5 hrs. The former limit is imposed 
in order that there may be sufficient time to place the cement and allow it 
to settle, and the upper limit is desirable in order that it will not be neces- 
sary to hold pressure on the casing or tubing for a prolonged period of 
time. Table XXIX gives the physical and chemical properties of several 
well-known brands of oil well cements commonly used in the California 
fields. 


Table XXIX. — Physical and Chemical Pboperties op Oil Well Cements* 




Brand of Portland cement 

Brand or source of hydraulic lime** 





Santa 



Pacific 

Car- 

ters- 

ville, 

Ga., 

per 

cent 


Com- 

Constituent 

For- 

mula 

Golden 

gate 

cement,® 
per cent 

Cruz 
oil well 

ce- 

ment,*' 

per 

cent 

Mount 
Diablo 
oil well 
cement,® 
per cent 

Ger- 

man, 

per 

cent 

Lime & 
Plaster 
Co , San 
Fran- 
cisco, per 
cent 

Man- 

kato, 

Minn., 

per 

cent 

mon or 
quick 
lime," 
per 

cent 

Silica 

SiOa 

20 80 

19 38 

22.36 

25.87 

19 51 

15,04 

18 10 

1.00 

Ferric oxide. . 

1 FeaOa 

3 37 

5 31 

2.51 

} 8.13 




Alumina.. . . 

1 AlaOa 

7 09 

7.15 

7.17 

12 40 

.72 

5 02 

1 30 

Lime 

' CuO 

63 47 

63.70 

62.39 

^ 55.44 

39.20 

51.12 

40.68 

97.00 

Magnesia. . . 
Sulphuric anhy- 

1 MgO 

i 

1 32 

2.13 

1.39 

1.14 

20 61 

29.53 

29.17 

.70 

dride 

SOa 

1 19 

1 48 

1.45 

1 44 

I 65 

Trace. 

2 05 


Ignition loss . . . 


1 54 

1 04 

2.09 

1.96 

.46 

3 54 

4.56 


Manganese oxide 
Carbon dioxide 

: MnO 


. . i 

j 1 


6 02 

6 17 


.42 


Specific gravity 

! 

3 12 

3 20 

3 12 







“ Pacific Portland Cement Co , San Francisco, Cal. Analysis made by the company. 
'•Santa Cruz Portland Cement Co , San Francisco, Cal. Analysis made by the company. 
' Cowell Portland Cement Co , San Francisco, Cal. Analysis made by the company. 

Analyses furnished by Dr. E. A. Starke, San Francisco, Cal. 

* Murks, L. S., Mechanical engineer’s handbook, 1916, p 568. 

•After F. B. ToukIi in U S Bureau of Mines, BulL 163. 


Variables Influencing the Setting Time of Portland Cement 

The setting time of portland cement in oil well service is influenced 
by many variables, the more important of which are the chemical compo- 
sition, the percentage of water used in the mix, the temperature, the age 
of the cement and conditions attending storage, and the size of the cement 
particles. The setting properties may also be influenced by contact 
with ground waters containing certain dissolved salts, or by the presence 
of flowing oil or gas. 
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From the chemical point of vicwi, the setting time of portland cement is 
influenced by the percentage of free lime present, the alumina and silica content 
and the amount of gypsum or plaster of paris used in its manufacture. Deficiency 
of lime makes the cement quick setting if it is “under burned,” or slow setting if it 
is “hard burned.” Excessively high lime content tends to make the cement slow 
setting. High alumina content results in quick-setting properties, whereas a high 
silica content produces a slow-setting ccmxnt. Addition of gypsum or calcium sul- 
phate up to 2 or 3 per cent retards the set, but further additions cause the setting time 
to decrease. Introduction of 10 to 20 per cent of plaster of i)aris will greatly hasten 
the setting time. 
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Fio. 148. — Graphs showing influence of dis.solve(l sjilts on setting time of oil well cement. 


The influence of saline ground waters on the setting qualities and life of portland 
cement in oil well service has been noted by many observers. Portland cements are 
quite sensitive to comparatively small percentages of some of these salts, and if there 
is any flow of saline water into the well during the placing and setting of the cement, 
its properties may be greatly altered. In extreme cases the element does not set and 
must be pumped out of the well. Addition of small percentages of calcium chloride 
and sodium carbonate ha.stens the time of setting, but sodium chloride has the 
reverse effect. Contact with any sulphates will generally delay the time of setting. 
The graphs of Fig. 148 give the results of tests made with a typical oil well cement 
gaged with 50 per cent of water, containing varying percentages of dissolved salts 
commonly present in oil field ground waters. Tests made witli a number of actual 
ground w'aters from the 8an Joaquin Valley fields of Califoniia showed in every case a 
considerable delay in the normal setting time (see Table XXX).* 

Some of these salts, particularly salts of the alkalies and alkaline earths, in addition 
to influencing the setting time, will on prolonged contact with cement cause it to 
disintegrate.** Sulphates of magnesium and sodium, chlorides of magnesium and 
sodium, and carbonate of soda are particularly active in causing “unsoundness” 
in neat portland cement. Cements containing high percentages of ferric oxide in 
substitution for alumina are said to be more resistant to saline waters than ordinary 
cements. Tlie sulphates and chlorides remove lime from the cement, while carbonate 
of soda withdraws silica. ITnsoundncss of ccinCnt may also be due to expansion as a 
result of belated crystallization of free lime and magnesia present in the cement itself. 
More than 5 per cent of magnesia is considered detrimental in a portland cement for 
this reason. Failure of the cement through such causes will not be apparent at first, 
but may eventually result in crumbling and disintegration and its ultimate failure in 

* WniGHT, F. L. and DeMaris, K. L., Oil well cementing, Thesu prepared under 

the direction of the author, University of ('alifomia, 1923. 
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water exclunion. The amount of “laitanco”, which forms on top of cement during the 
setting period is regarded as indicative of the degree of unsoundness of the cement. 


Table XXX. — Setting Time ok Cement Gaged with Typical Oil Field Ground 

Waters* 




Sample number 



Dissolved salt 


2 

.3 

4 

5 

6 



Crains per IT. S 

gallon 



NaCl 

1,5G() 10 

1,11G 20 

108 40 

281 50 

21 74 

143 97 

Na2vS04. . . . 



3 31 

.76 

53 33 

20.61 

K 2 SO 4 







CaS04... . 

2 57 

1 42 



14 84 


CaCOa . 

2S .50 

21 15 

1 65 

3 80 

9 47 

1.91 

MgCO:, . . 

8 93 

1 92 

.61 

1 92 

1 92 i 

1 7 56 

NazCO;, . 


14 30 

41 (>4 

121 80 


351 42 

CaCL ... 

434 50 

G 8.5 





MgCL 

1 G4 

22 92 





MgS(44... . 





9 44 


Fe 203 plus AlaO.j. 

2 05 

1 20 

10 


2 27 

.28 

Si02 

1 OH 

2 83 

71 

1 00 


3.07 

Setting time, minutes 

3G0 

375 

345 

360 

345 

390 

Increase in setting 







time," per cent 

150 

15G 

144 

150 

144 

1G2 


“ Setting time of the cement used when gaged witti pure water was 240 min.; GO per 
cent of water, by weight, used in each test. 

* Samples 1, 3 and 4 are from the Midway field, California; 2 is from the Lost Hills 
field, California; and samples 5 and G arc from the Coaliiiga field, California. 

Dilution of the cement mixture with water prolongs the setting time. If the mix- 
ture is diluted to such a degree that the cement particles are held apart by susjiension, 
they cannot be expected to form a coherent mass even though setting of the individual 
particles does occur. Though a smaller iierceiitage of water would be preferable, a 
mixture containing 50 per cent of water (by weight) is about as thick as can be rapidly 
handled through pumps, piping and other apparatus used in oil well cementing. Such 
a mixture has a specific gravity of about 2.1. Tests made in the petroleum laboratory 
of the University of (California* have shown, in the case of a typical oil well cement, 
that the setting time increases directly with the percentage of water, yntil the percent- 
age of water reaches about, 70 per cent; and that the setting time is only slightly 
influenced by further dilution (see Fig. 140). The cement-water mixture apparently 
becomes saturated when the iiercentage of water reaches about GO per cent, 
additional water forming a clear layer above the cement grout on standing. The 
presence of too much water may prevent the formation of a coherent, solid mass, 

* Cerini, W. F., An investigation of oil well cements, Thesis prepared under the 
direction of the author, University of California, 1923. 
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through the individual grains taking thejr initial set when not in contact. However, 
if there is adequate time for the cement particles to settle before the time comes for 
the initial set, a successful job is possible. 

Though cement may be pumped into the well with only 50 per cent of water, it 
will frequently be further diluted by admixture with the well fluid and with the 
water used in pumping the cement down through the casing or tubing. It is well 
known that in pumping fluids through a pipe, the fluid near the center moves more 



Grams of Water per 109* Grams of Cement 

Fio. 149. — Graph showing influence of 
water dilution on setting time of oil well 
cement. 


Gms.Oil per 100-gms. Cement with 60-ffms. 
Water 

Fig. 150. — Graph showing influence 
of oil dilution on setting time of oil well 
cement. 


rapidly than that near the walls of the tube, as a result of frhjtional resistance. Fur- 
thermore, turbulence is usually induced (see C'hap. XVIII). Hence, when cement is 
pumped into a pipe containing water or mud, there is more or less dilution of the 
first portion of the cement introduced. A similar effect results when water is pumped 
in after the cement. The amount of dilution and admixture would vary with the 
diameter of the pipe and the velocity of flow, being greater in pipes of large diameter 
and at high-flow velocities. Even when barriers are used between the cement and 
the well fluid, as in the Perkins method, the two fluids must come into contact when 
the cement emerges below the casing shoe. Reversal in the direction of flow as the 
cement strikes the bottom of the well and is deflected upward, and contamination 
with mud from the walls as it rises, inevitably results in considerable dilution of the 
material that forms the top of the plug. Again, in the method of cementing direct 
through the casing without barriers, unless pumping is discontinued at the proper time, 
water forced in below the cement will rise slowly and become diffused through the 
latter by reason of its lower density. 

Dilution with mud is not a serious matter, since cement will set even when con- 
taminated with considerable amounts of mud. The mixture will be coherent and 
fairly impervious, but it lacks strength. Briquettes made of a mixture of equal parts 
of a mud-laden fluid of specific gravity 1.2, with a 50 per cent cement grout, had a 
compressive strength of only 97 Ib. per square inch after setting 10 days in the air; 
while a pure 50 per cent cement grout, under similar conditions, had a compressive 
strength of 2,210 lb. per square inch. l*robably only the upper portion of a cement plug 
is contaminated with mud to this degree, the heavier cement injected below the column 
of mud tending to float the latter, so that the lower part of the plug is fairly free of mud. 

The setting time of portland cement is greatly influenced by temperature. As 
indicated by the graph given in Fig. 151, some cements set in one-third of the time 
at 150°F. that is required for the same cements at 60°F. While ground temperatures 
as high as 150° are perhaps uncommon in most oil wells, 100 to 125° is quite common in 
deep wells in some fields, and temperature is clearly an important variable that must 
be taken into account in cementing operations. 
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Portland cement in storage inevitably jimdergoes a certain change in chemical 
composition that greatly alters its setting time. This is due to hydrolyzing of the lime 
as a result of contact with moisture in the air. This change operates to prolong the 
necessary setting time. Certain cements stored in a dry room for a period of 6 mo. 
have increased their setting times from 2 to 4 and even 5 hr. in some cases. The rate 
of change is, of course, primarily influenced by the conditions attending storage. For 
uniformity in results, cement should be 
purchased direct from the manufacturers, 
and in quantities that will not require pro- 
longed storage. This is particularly im- 
portant when operating in moist climates. 

The place of storage should, of course, be 
absolutely dry. 

The setting qualities of Portland cement 
are also influenced by the degree of fineness 
to which the components are ground. Most 
cements arc ground so that all but 2 or 3 per 
cent of the material will pass a 100-mesh 
screen, while about 80 per cent usually 
passes 200 mesh. The coarse material which 
does not pass 100 mesh is probably inert and 
never sets. Tests made by Mcade^* with 
a certain cement show a setting time of 
30 min. when 95 per cent passes 200 mesh, while the same material ground so that 
only 75 per cent passes 100 mesh requires 170 min. in which to take its initial set. 
Uniformity in sizing is found to be one of the most important considerations in the 
manufacture of a reliable product. 

Mixture of oil with portland cement slurry will not prevent setting, providing 
there is sufficient water present to hydrolyze the material properly, but it has the effect 
of prolonging the setting time. Figure 150 illustrates the effect of oil admixture in 
delaying the initial set of a typical oil well cement. Oil may also prevent the cemrmt 
from adhering to the casing, leaving a crevice through which water eventually finds 
its way to the lower part of the well. Perhaps this leakage is negligible at first, but is 
later increased by the solvent action of percolating alkaline ground waters. 

The presence of gas in the bottom of a w^ell is a more serious matter. Violent 
agitation of the cement sometimes prevents it from setting into a coherent mass, 
while even comparatively small quantities of gas continually supplied from a point 
below the plug will, in seeking an outlet, leave pores in the cement which will later 
become channels for the passage of water. If a well is producing gas in quantity, it 
should be possible to hold pressure on it during the process of cementing, to prevent 
flow of gas. Preliminary mudding under pressure will often “kill” the gas so that 
cementing operations may be safely conducted at lower pressures. 

Use of Hydraulic Lime in Excluding Water from Wells. — Occasionally 
it will be necessary to cement a well against the pressure of a strong flow 
of high-pressure water or gas. Perhaps there is only one string of casing 
in the well and it is impossible to close it in or to apply pump pressure. 
It may happen that mudding to “kill” the pressure is ineffective because 
the formation absorbs the well fluid and makes it impossible to secure 
circulation. In such a case, the operator may resort to the use of hydrau- 
lic lime as a means of sealing the walls and excluding the high-pressure gas 
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Centigrade Temperature 

Fig. 151. — Graph showing influence of 
temperature on setting time of oil well 
cement. 
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and water, so that portland cement ^ater introduced may rest undisturbed 
during its setting period. 

Hydraulic lime is manufactured by burning and hydrating lime rock, 
but the material is not sintered as in the case of portland cement. Table 
XXIX gives characteristic analyses. The calcium and magnesium are 
left in the hydrated form, as Ca(OH )2 or Mg(OH) 2 , but contain no water 
of crystallization. Unlike ordinary lime, hydraulic lime will set under 
water. 

When hydraulic lime comes into contact with finely divided silica 
and the aluminum silicates of shales and clays, it reacts to form complex 
gelatinous silicates, which expand in hardening and fill the rock pores. 
By forcing it under pressure into a well, we thus convert the mud which 
lines the rock walls into a hard impervious sheathing, locked to the walls 
by penetration into rock pores and crevices in such a way as effectively 
to resist passage of fluids into the well. 

In the practical application of hydraulic lime in excluding flowing 
water and preparing the well for a plug of portland cement, the lime is 
mixed separately with water and pumped into the well ahead of the 
cement. The cement follows immediately behind the lime solution 
which adheres to the walls so that they present a well-consolidated surface 
to the cement. As a result, there is little tendency for the clay in the 
walls to dilute the cement, and the conditions for setting of the cement 
without agitation by high-pressure flowing water or gas are more favorable. 

Hydraulic lime may also be used effectively in rotary drilling by 
admixture with the mud-laden fluid, in scaling ^^dry sands which absorb 
the well fluid to such a degree that circulation is difficult or impossible. 

Methods of Hastening the Hardening Set of Portland Cement. — The 
disadvantages of having to wait while the cement hardens for from 10 to 
28 days before resuming drilling operations is regarded as a considerable 
hardship by operators anxious for early production. In order to reduce 
this loss of time, investigations have been conducted in the development 
of means of hastening the hardening set of the cenumt used. C^alcium 
chloride or “Ual,^’ an oxychloride of calcium (IlCaO.C'aCb.MHiO), have 
the property of hastening the hardening set of portland cement without 
materially influencing the initial set, and without detriment to its strength 
and soundness. Tests made by the U. S. Bureau of Standards* have 
shown that mortar mixed with 5 per cent of “CaU^ is after 2 days the 
equal in strength of untreated mortar after 8 days. Fifteen per cent of 
‘^Cal” gives an increase in strength of 220 per cent at the 2-day period. 

The use of a somewhat similar reagent has been patented by F. H. 
Huber, and is used by many C'alifornia companies in oil well cementing 
jobs. In ea(;h cubic foot of water used in the mix, lb. of the reagent 

* Young, R. N., Effects of (^al as an accelerator of the hardening of ix)rtland 
cement mixtures, U. S. Bureau of Standards, Technologic Paper No. 174, 1920. 
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are dissolved, forming a solution havMig a specific gravity of about 1.03. 
Drilling is continued after 4 days when the reagent is used, while a period 
of from 10 to 15 days is customarily allowed for untreated cement 
to harden. 

The strength of portland cement in oil well service is of less importance 
than its effectiveness in preventing seepage of water through it. This 
latter property, however, as well as its strength, is largely dependent 
upon density, and density is influenced by pressure. The lower portion 
of a cement plug is naturally denser than the upper portion, because of * 
the greater amount of ctmient condensed within the liquid mass as a result 
of greater hydrostatic head, and also because of the tendency of the solid 
cement particles to settle before setting occurs. Tests made with a 14-in. 
column of cement showed a tensile strength of onl> 150 lb. per square 
inch for the upper section of th(' column, while a section from the lower 
end had a tensile strength of 280 lb. per square inch. Other sections cut 
at intervals between the top and bottom of the column indicated a fairly 
uniform increase in strength and density" with depth below the cement 
surface. 

The strength of cement is influenced by contamination with mud. 
The walls of the well usually contain large quantities of clay deposited 
from the well fluid. This is especially the case when the well has been 
drilled by the rotary method. Unless this mud is removed before the 
cement is introduced, it will mix with the cement forming the upper 
portion of the plug, diluting it and correspondingly reducing its strength. 

Penetration of Wall Rocks by the Cement. — An important con- 
sideration in the formation of a cement plug to resist water infiltration is 
the extent to which the fluid ccimmt penetrates the rock pores before 
setting. It is probable that under high pressures the cement not only 
fills the space within the well, but is also forced into all crevices and even 
into the pores of sands and granular wall rocks, thus forming what may 
be called a formation lock on the walls of the well. The extent to which 
this action will occur depends upon the excess of pressure within the well 
and the porosity of the wall rocks. 

To be effective, the cement plug must at some point below the source 
of the water, be in contact, with a relatively impervious stratum, otherwise 
water may find its way through the formation around the cement plug, 
and thence into the lower portion of the well below the plug. In an 
extension of the Kern River field of California this difficulty was experi- 
enced, but successfully met by forming long cement plugs about the 
casing and applying a pump pressure of 1,200 lb. per square inch (in addi- 
tion to the natural hydrostatic head), which forced large amounts of 
cement into the wall rocks surrounding the well, thus preventing down- 
ward migration of water through the formation about the plug. The 
cement is introduced in this case by the top packer tubing method. 
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Preparing the Well for Cementing. — Before cement is introduced into 
a well, all surplus mud and sludge should be carefully bailed or flushed out, 
so that the cement will have free access to the walls. If the cement is to 
be pumped into the well, circulation must be established from the bottom 
of the well to the surface by pumping fluid under pressure through the 
space between the walls of the well and the casing. If the formation tends 
to absorb large quantities of fluid, this may be difficult or even impossi- 
ble, but until a free path for the cement behind the pipe is assured, 
' none should be introduced. Circulation may be established, but the 
flow may be through favorable channels on one side of the pipe or 
through spiral channels about the pipe. Large quantities of mud in this 
case will still be lodged about the casing, and as the cement is introduced 
it rises through the channels already established by circulation, and an 
irregular plug consisting partly of cement and partly of mud will result. 
Water strings pulled from wells after unsuccessful cementing jobs have 
shown clearly in certain instances the spiral contact of the cement against 
the casing. This can only be avoided by continuing circulation of the 
well with clear water prior to cementing, until all mud is removed. 

If the casing is nearly as large in diameter as the well, there is danger 
of the pipe making contact with the walls on one side or another, so that 
when the cement is introduced it does* not form a plug concentric with 
the axis of the pipe. As a means of preventing this, it is a good plan to 
under-ream the hole for 25 or 30 ft. above the bottom, thus assuring suffi- 
cient free space to form a plug which will be thick enough to be effective 
on all sides of the casing. 

Mixing the Cement 

The method provided for mixing the cement must be capable of 
rapidly and thoroughly accomplishing its purpose, so that the entire 
amount of cement to be used may be in place in the well within an hour 
of the time that mixing begins. This is essential, since a successful result 
is impossible if the cement takes its initial set before it reaches its intended 
position. Several different types of equipment are in use for mixing and 
placing the cement in the well. 

The Perkins Cementing Outfit. — With the Perkins equipment, the cement is mixed 
by hand methods, a group of from 4 to 6 men distributed about two flat metal or 
wooden boxes (10 ft. long, 6 ft. wide and 2 ft. deep) stirring with hoes, while water is 
added to the dry cement previously dumped into the box (see Fig. 152). Batches of 
cement are mixed in each box alternately. While mixing is in progress in one box, 
one of the pumps is engaged in drawing mixed cement from the other. Either of 
two pumps mounted on the bed of a motor truck, is used in forcing the cement into 
the well, one a low-pressure pump capable of operating against a pressure of 250 lb. 
per square inch, and the other a high-pressure pump designed to meet pressures as 
high as 1,000 lb. per square inch (see Fig. 153). The suction lines of the pumps are 



OIL FIELD HYDROLOGY 


287 


manifolded so that either may draw mixed ^cement from a small metal tank placed 
below the mixing tanks, in such a way as to receive the flow of cement from either 
tank when the wooden plugs controlling the discharge outlets are withdrawn. To gage 
the water used in mixing the cement, a water meter or a gaging tank is used. The 
water is passed through one of the pumps to give it pressure sufficient to permit of 
it being forcefully sprayed through a hose and nozzle into the dry cement in the 
mixing tanks. Operating systematically on a pile of dry cement, a single man is 
by this means able to mix the cement rapidly and thoroughly. 



Fig. 152.- -Perkins’ eiiuipnient for mixing and pumping cement. 


The mixed cement is passed ordinarily through the low-pressure pump, but if 
for any reason pressures in excess of 250 lb. per square inch are necessary, the high- 
pressure pump will be brought into service. Fittings and valves on the piping con- 
necting with the cementing head on the casing must be capable of withstanding 
pressures in excess of the maximum delivery pressure possible with the high-pressure 
pump. Connections with tlie well must be flexible so that the casing may be raised 
or lowered when necessary. A union in the delivery line near the cementing head 
permits of readily disconnecting the pipe to insert the wooden plugs. 

As the cement is pumped into the casing, being denser than water, it tends to 
sink into and displace the well fluid, so that very little pump pressure is necessary. 
However, this effect gradually diminishes as the work proceeds, until equilibrium is 
established and the pump pressure must be gradually increased. Pressures of from 
200 to 250 lb. are often reached in a deep well, before the plugs come together. When 
this occurs, there will be a sudden increase in pressure, perhaps stalling the pumps 
and indicating satisfactory completion of the work. The casing iS then lowered to 
bottom and the valve on the delivery line at the cementing head is closed to maintain 
pressure within the casing until the cement sets. 

While, if all goes well, the operator may depend upon the action of the plugs 
and the pumps to indicate when all cement has passed out of the casing, yet it is a 
good precaution to have some means of checking the progress of operations, that 
may be relied upon when something goes wrong. Possible accidents which may 
prevent the orderly completion of the work include caving of the walls of the well, 
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preventing circulation, splitting or parting of the casing, “hanging up“ of the plugs 
as a result of some obstruction in the casing or falling of the plugs through the shoe 
as a result of the latter being too far off bottom. As a precaution, it is customary 
to calculate the volume of the casing and that of the cement pumped into it. The 
water pumped down on top of the cement is also gaged or metered. By comparison 
of these volumes, the operator will be able to determine when the first or lower plug 
is approaching the lower end^of the casing, and will lower the column until the shoe 



{After F. It. Tough lu U S li M men Bull 1(53). 

Fig. 153. — Arriiiigeinent of pumps, mixing boxes, piping, etc. for cemoniiiig wells by the 

Perkins process. 


is only about 18 in. off bottom, thus preventing the upper end of the plug from escap- 
ing from the casing. He may determine, also, when the two plugs should come 
together, indicating that all cement is out of the casing. 

W. B. Wygle, a California contractor, has patented a device for releasing the 
second Perkins plug from a nipple placed above the cementing head, so that it is 
unnecessary to uncouple the pump connections after the cement has entered the 
casing. The plug is held in the nipple by a set screw, which is loosened when it is 
desired to drop the plug into the ctising. It is the oi)inion of some operators that 
air entering the pumping circuit at this time forms voids in the c.ement about the 
casing shoe. The Wygle <lovice prevents this and exj)edites the work of placing 
the cement. 
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Another method of avoiding air pockets fn the lower part of the cement plug, is to 
introduce a ‘‘spacer” of 2 in. by 4 in. or 4 in. by 4 in. timber about 20 ft. in length, 
between the two Perkins plugs. This leaves the latter part of the cement, which 
is likely to contain air, within the casing, later to be drilled out with the drilling tools. 

The Scott Cementing Apparatus. — Cement equipment designed and used by W. F. 
Scott, a contractor operating in the California fields, is illustrated in Fig. 154. It 



{AfUn F, B. I'ouyh in U, S B. Mines Bull ir»3). 
Fi(i. If)-!. —Scott comentiiig apparatus. 


consists^^ of a mechanically driven cement mixer, comprising a hopper into which 
the cement is dumped and a tubular mixing barrel in which it is mixed with water 
by the action of revolving blades mounted on a longitudinally placed steel shaft 
(sec Fig. 155). A small steam engine supplies the necessary power. Water flows into 
this mixing barrel from a large gaging tank. The cement flows from the mixer into 
a small cylindrical tank, from which it is taken into the suction line of a steam-driven 
reciprocating pump and iiumped into the well. A suitable manifold and valve 
control on the pump suction line makes it possible to pump water from the storage 
tank directly to the well whim desired. The entire apparatus may be mounted on a 
motor truck or wagon. Outfits of this type operated by Mr. Scott are able to mix 
a ton of cement in from 2} 2 to 3 min. 

Mr. Scott has also developed and successfully applied methods of cementing 
through tubing and casing without barriers. In preparation for cementing opera- 
tions, the equipment as described above is set up near the well and connections made 
with the local steam and water lines and from the pump to a cementing head placed 
on the casing. If the well is a deep one, it may be necessary to provide a larger 
water storage tank than the one which is commonly carried with the outfit. The 
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tank should be large enough to contain ^atcr sufficient for mixing the cement, and 
to^^fill the tubing or casing used in conducting the cement, with an excess of at least 
10 per cent. Since the mixing machine works very rapidly, one sack of cement being 
mixed every 8 or 9 sec., the sacks should be opened before mixing is begun and placed 
on"or near a platform built around the hopper of the mixing machine. The work of 
feeding the machine is tiring and four men should be provided to handle the cement, 

two working at a time and reliev- 
ing each other frequently. Be- 
fore the work is begun, computa- 
tions are made of the volume of 
the tubing or casing through which 
the cement is pumped, and the 
equivalent, expressed in inches of 
depth of the water storage tank, is 
determined. 

With all in readiness, circula- 
tion is first established through the 
well, the cement mixer is placed in 
operation, and as the mixed cement 
is made available to the pump 
suction, the manifold valves are 
manipulated so that cement is 
pumped into the well without in- 
terruption in circulation. After 
all the cement has passed through 
the pump, reversal of the valves 
connects the pump suction with 
the water supply, again without 
interruption in circulation. The pump works continuously from the start (,f opera- 
tions until the casing is lowered to bottom. If the tubing method is employed, as 
explained on page 272, the pumps may continue in operation after the ciising is 
landed, until any excess cement which may be left between the tubing and the cas- 
ing is returned to the surface. 

Other methods of mixing cement have been used with more or less success. The 
Shell Company of California has employed an ordinary cement mixer, such as is used 
in mixing cement for building and road construction. The cement flows from the 
mixer into a wooden trough, where it is given further mixing by men equipped with 
hoes. The steam pumps, mounted on a wagon, pass the mixed cement under pressure 
from the lower end of the trough to the well. Some operators use the pumps to aid 
in mixing, a hose on the discharge manifold returning the cement to the mixing box 
from which the pump suction draws its supply. When this method is employed, all 
of the cement must be mixed before any is pumped into the well. 



Fig. 165. — Scott’s equipment lor mixing and 
pumping cement. 


Planning a Cementing Job 

Before the exclusion of water is attempted in a well, the work should 
be carefully planned in order to insure its successful completion. The 
landing depth for the shoe of the water string must be selected so that it 
will rest in a stratum impervious to the passage of water. The desirable 
length for the cement plug should be determined, and the necessary 
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amount of cement calculated to form*a plug of this length for the size of 
casing in use and in the size of hole being drilled. The physical conditions 
to be encountered should be carefully studied. Important factors to 
consider include the temperature at the depth where the cement is to 
be placed; the possibility of contamination of the cement with saline 
ground water before setting, or of it being subjected to agitation by strong 
flows of gas or water during the setting period ; the condition of the bot- 
tom of the hole and of the casing; and whether or not it is possible to 
establish circulation between the casing and the walls of the well by the ^ 
application of pressures within reach of the pumping equipment available. 
If any one of these factors is unfavorable, it may defeat the purpose of 
the work unless its influence is considered and preparations made to 
counteract it at the proper time. 

A sample of the cement to be used should be tested to determine its 
setting time and soundness. If possible, a sample of the well fluid from 
a point near the proposed shut-off should be secured, and used in mixing 
the cement slurry to determine the influence of any dissolved salt, which 
may be present, on the setting time. 

In calculating the amount of cement necessary, it is well to assume 
that the cement plug will extend entirely through the water sand to be 
cased off, and preferably to some distance above. If analysis of the 
waters in the sands above the point selected for the shut-off shows that 
they contain salts which will have a corrosive effect on the casing, it will 
be advisable to protect the pipe from them by forming a long sheathing of 
cement about it. In such cases enough cement may be introduced to 
form a plug several hundred feet long. In some instances the entire 
space back of the pipe up to the surface has been filled with cement, with 
the purpose of protecting the casing against rapid corrosion. Having 
determined the necessary length of plug to provide, and knowing the 
size of the casing and the diameter of the well, the volume of the cement 
plug to be formed is calculated. When 75 to 80 lb. of dry Portland 
cement is mixed with 60 per cent of water it forms 1 cu. ft. of neat cement, 
when set and hardened. One sack of cement mixed with cu. ft. of 
water forms about 1 cu. ft. of grout. Mixed with 60 per cent of water, it 
occupies 1.15 cu. ft. A ton of cement, when mixed with 60 per cent of 
water, occupies from 23 to 30 cu. ft. Table XXXI gives other useful 
data on cement-water mixtures. The amount of cement necessary will 
depend chiefly upon the size of the casing. For California practice, the 
quantity used in cementing water strings varies from as much as 12 tons 
for 10-in. casing, to as little as 2 tons for in. In the Gulf Coast fields, 
40 to 50 sacks, or about 2 tons, are commonly used in cementing a 6-in. 
string. 
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Table XXXI. — Weight and Volume Equivalentr of Oil Well Cements 



Weight, 

Volume, 

Weight pel 
cubic foot, 


lb. 

cu. ft. 

lb. 

1 sack of cement (dry volume) 

94 0 

0 9464 

99.32 

1 sack of cement with 40 per cent of water (by 




weight) 

131.6 

1.1167 

117.84 

1 sack of cement with 50 per cent of water (by 




weight) 

141 0 

1 .2682 

111.17 

1 sack of cement with 60 per cent of water (by 




weight) 

150.4 

1.4196 

105.94 


Water Necessary for Various Cement Mixtures 



Gal. 

Cu. ft. 

Weight, 

lb. 

1 sack of cement with 40 per cent of water (by 
weight) 

4.51 

0.603 

37 6 

1 sack of cement with 50 per cent of water (by 
weight) 

5.64 

0.754 

47.0 

1 sack of cement with 60 per cent of water (by 
weight) 

6.77 

0 905 

56.4 


Note. — In this table, the specific gravity of oil well cement is assumed to be 3.174. 


Testing Efficacy of Water Shut-offs 

On completion of a cementing job, or other work designed to exclude 
water from a well, a test should be made to determine whether or not it 
has been successful. If cement has been used, such a test should not be 
made until it has had time to set and harden properly. Any cement left 
within the casing is first drilled out, and a hole drilled for a depth of 10 or 
20 ft. ahead of the shoe of the water string. The fluid is then bailed from 
within the casing until the level is sufficiently below that at which the 
fluid stands outside of the casing to allow water to enter if it is able to do 
so. After bailing, the fluid level within the casing is carefully measured 
and recorded. The well is allowed to stand 24 hr., and a second measure- 
ment of the fluid level within the casing is made. If the level has not 
changed materially, the shut-off is regarded as successful. Draining 
of films of water down the inner walls of the casing after bailing may raise 
the fluid level slightly. Even though a slight leakage of water under the 
shoe is apparent, it may be considered too slight to justify further repair 
work. 
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Measurement of fluid level within* a easing may be made with the aid 
of a heavy plumb bob and a steel measuring line, on a suitable reel 
mounted above the well mouth on the derrick floor (see page 133). If 
cable drilling tools are available, it is customary to make fluid level 
measurements with the sand line and bailer. The bailer is run into the 
well until it is submerged or partially submerged below the water level. 
A mark is then made on the sand line level with the derrick floor, and as 
the bailer is withdrawn from the well, the length of line is measured below 
this point to the point where first moisture on th(^ linc^ or bailer shows the* 
water level to have been. The process of measuring the sand line is 
readily accomplished by determining the length of line from the derrick 
floor up over the crown block, and down to the level 
of the sand reel flanges. This unit of measurement is 
applied by tying a strand of manila fiber to the line 
at the level of the derrick floor, and raising the bailer 
until this strand reaches tlui sand reel flange. The 
strand is then removed and another placed on the sand 
line level with the derrick floor; and the process is 
repeated until the wet portion of the cable or bailer 
emerges. The number of strands untied from the 
line at the sand reel, plus one, multiplied by the unit 
length over the crown, plus the fractional interval 
from the last strand down to the derrick floor (as 
measured with the gage stick or tape), is the depth to 
water level. 

Repairing Unsuccessful Shut-offs 

If tests made as outlined above indicate that 
the effort to exclude water has not been successful, 
further tests must be made to determine the nature 
of the difficulty. Perhaps, due to one or another of 
the physical and chemical variables already discussed. 



{After 


RE Collom, 
nailfornia Etale Mining 
Bureau, Dept, of Oil and 
Gas). 

Fiq. 156. — Illustrat- 

the cement has not set; or, if it has set, open channels casing tester. 
may have been left through it. Perhaps the cement 
plug is structurally misplaced and the water is coming from formations 
below the plug. Occasionally, casing leaks above the shut-off will admit 
large quantities of water. 


In locating the source of water entering a well, tests should first be made to 
determine whether or not the casing leaks. Testing for casing leaks may be con- 
veniently conducted with a casing tester (see Fig. 156), which is alternately lowered 
to successively greater depths and hoisted to the surface until it brings up water. 
The casing may have become worn through by abrasive action of the drilling cable; 
or it may have split at a defective weld, or as a result of application of a swage; 
or the leak may be at a loose collar which is cross-threaded, or which has become 
unscrewed in the well. 
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If the leak is not in the casing, a test^shoiild next be made to determine whether 
water is finding its way down through or around the cement plug and under the 
casing shoe, or whether it comes from some lower source. For this purpose, a “ bridge^^ 
should be placed a few feet below the shoe, sealing off the hole that has been drilled 
below. This plug is built up from bottom in successive stages with the aid of wooden 
or lead plugs and cement. If further tests indicate that water has been excluded 
by this process, it may be concluded that the shut-off has been placed too high, and 
that water-bearing formations occur below the casing shoe. 

The nature of the remedial measures to be taken depend upon the source of the 
water and the way in which it finds admission to the inner portion of the casing. If 
'cement has been used and has failed to set, it will be possible to raise the casing, 
bail out the cement and repeat the cementing operation after studying the cause 
of the failure and making such changes in methods or materials as seem desirable. 
If the cement has set properly but has been ineffective, a more difficult problem is pre- 
sented. If tests indicate that water is entering under the shoe, it may be possible 
to force cement back of the shoe under pressure, using the top i)acker tubing process; 
but this procedure will usually not be effective unless it is possible to secure circulation 
through the defective cement plug.^o If the cement plug is a short one, it may be 
possible to part the casing above the cement with the aid of explosives and so shatter 
the detached casing and cement that it can be “drilled up'’ or “side tracked;” but 
usually this will not be possible and it will be necessary to “sacrifice ” a string of casing 
by cementing a smaller water string below the first. 

If water is entering through a leak in the pipe and not around the shoe, and the 
hydrostatic head likely to be developed above the leak is not great, drilling may be 
continued and the well completed in the usual way. The inner string of casing, or 
“oil string,” may then be extended to a point above the leak in the water string and 
mechanical packers set between the two to exclude water. If this procedure is con- 
sidered unsafe, due to the size of the leak and the hydrostatic head likely to be devel- 
oped above it, a bridge should be placed in the casing immediately below the leak 
and an effort made to force cement through the hole in the hope of forming an 
impervious layer of cement on the outside of the pipe. If the hole is small, applica- 
tion of a casing perforator or ripper will form larger holes through which cement will 
pass. If it is suspected that water is entering the well through a loose coupling, it 
may be possible to remedy the difficulty by giving the casing a few turns at the 
surface. 

Some of the most difficult and uncertain cases arc encountered in attempting 
to shut off water which occurs as intermediate water in a zone of productive oil 
sands, or in the base of a thick productive stratum. Here every precaution must 
be taken to avoid cementing the productive sands. In some cases, also, top waters 
are separated from the oil zone by only a few feet of impervious material, and very 
accurate knowledge of the depths and thicknesses of strata is necessary to “land” 
the water string and cement it before it enters the oil zone, and still be assured of 
placing the plug so that it is continuous throughout the water zone. 

When drilling in territory in which the stratigraphy is not definitely known in 
advance, a well will sometimes be drilled below the logical point for a water shut-off 
before the necessity for it becomes apparent.^® In such a case, it is necessary to with- 
draw the casing until the shoe is at the desired level and then plug or “bridge” over 
the lower portion of the hole before introducing the cement. 

Importance of Stratigraphically Uniform Shut-Offs in Contiguous 
Wells. — A study of the possibility of water migration from well to well 
through porous strata will indicate the importance of stratigraphic 
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uniformity in the placing of water shut-offs. Fig. 157 illustrates some 
of the cases arising from failure on the part of the neighboring operatolrs 
to recognize the necessity for cooperation in deciding upon the selection 
of a particular stratum in which to make all watpr shut-offs. Correlations 
for this purpose, and determination of landing depths for water strings, 
constitute an important aspect of systematic water exclusion. Such 
work should be entrusted to some state or semi-public technical commis- 
sion rather than left to the whim of individual operators. In California, 
the depth at which the water shut-off is to be made in every well is, 
specified by the State Oil and Gas Supervisor or his deputy. 


Exclusion of Water from Wells by Mudding 

The action of circulating mud-laden fluid under pressure in closing 
the pores of granular rocks has already been discussed in connection 
with rotary drilling. Use of mud in this way has also been successfully 
applied in the permanent exclusion of water as a substitute for the 
cementing process. 

In one instance described by A. W. Ambrose,* a well in the Coalinga 
field of California was drilled to produce from the lower of two oil sands, 
between which there is an intermediate water sand. The well was 
drilled through both the upper oil sand and the intermediate water sand 
before any cement was placed, security against admission of water into 
the upper oil sand being assured by a thorough mudding of the oil and 
water sands while drilling through them with rotary tools. By this 
method a string of casing costing $6,000 was saved. When the cement 
was placed to protect the lower oil sand, sufficient was used to form a 
plug extending up through the upper oil sand. A near-by well, only 150 
ft. distant, producing from the upper sand, provided a means of testing 
the efficacy of the mud. For a time while mudding was in process, the 
near-by well produced considerable quantities of muddy water, but flow 
between the two wells ceasc^d before the process was completed. 

In the development of certain California fields, where upper oil and 
gas strata are cased off behind a water string to obtain production from a 
more productive lower zone, it has become the custom for operators 
thoroughly to mud the upper formations under pressure in order to 
prevent intermingling of fluids from different beds above the shut-off. 
This practice saves one or more strings of pipe that must otherwise be 
cemented between the several zones, and gives ample protection to 
operators producing from the upper beds. More than 600 wells have 
been so treated in the California fields during recent years, and the 
records of the State Oil and Gas Supervisor's Department show that in 

* U. S. Bureau of Mines, Bull, 195, p. 157. 
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(In part after R. P, McLaughlin, California State Mining Bureau, Dept, of Oil and Gas), 
Fig. 157. — Illustrating manner in which water may migrate from one well to another. 
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upwards of 85 per cent of the wells tlv5 mudding has apparently accom- 
plished its purpose.* 

The mudding process may be conducted through casing or rotary drill pipe by 
continued circulation as in rotary drilling; or by using a circulating head and throttling 
the outlet, an additional pump pressure of several hundred pounds may be held on 



(After TI J Strinjf, Cahfoima Stale Minintf Bureau, Dept, of Oil and Gas). 

Fig. 158 . — Arrniigcincnt of c*<iuipmont for mudding under pressure with oir« ulating head. 

the well while the fluid is circulated (see Fig. 158') . Circulation is usually down 
through the casing or drill pipe and back to the surface between the pipe and the 
walls of the well; but in some cases it has been found advantageous to reverse the 
direction, pumping down through the annular space between the conductor string 
and the inner pipe.f 

♦CoLLOM, K. E., Mud fluid for rotary drilling, Summary of Operations^ California 
Oil Fieldft, vol. S, no. 7, Jan., 192Jh (With a report on the use of mud-laden fluid in 
the California fields by a sjiecial committee of enginem-s.) 
t See Keforenecs 0 and 9 at end of ('hap. X. 
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Some operators recommend mudding pnder a pump pressure of from 200 to 300 lb. 
per square inch, continuing circulation until the formation absorbs less than 2 bbl. of 
fluid per hour. This is not always possible, though in many cases the volume of fluid 
absorbed has been reduced to less than 1 bbl. per hour. This condition is often 
reached after 10 hr. of continual circulation under pressure, but in extreme cases may 
require a week or more. It should be pointed out in this connection that the quantity 
of fluid absorbed by the formation will vary with the wall area exposed, that is, with 
the depth or thickness of exposed rock face and the diameter of the well. Absorption 
and the degree of penetration obtained will also vary with the porosity of the beds 
penetrated, and with the pressure of the fluids stored within them. 

' A more effective mudding action of the circulating fluid may be secured by the 
addition of alkaline substances which serve as coagulants for the clay particles. 
Hydraulic lime has been effectively used for this purpose, forming a sticky, pasty clay 
that rapidly clogs all rock fractures and crevices. It has been suggested that a 
coagulating chemical be injected into the mud fluid in the bottom of a rotary drilled 
well during the process of cementing, pumping the reagent down through the casing 
just ahead of the cenient. The clay would be thereby rapidly settled into an impervi- 
ous mass on top of the cement plug, adding to its effectiveness. 

In cases where oil and gas sands have been mudded off behind the water string at 
some distance above the cement plug, mud is sometimes pumped down between the 
conductor pipe and the water string, until the formation does not absorb further fluid. 
The space behind the water string is thus left filled with heavy mud, which effectively 
prevents intercommunication of fluids between the strata penetrated. Wells so 
mudded liavc maintained tlie same fluid level behind the water string for years, proving 
conclusively the effectiveness of the process. 

Protection of Oil Sands against Water Incursion in Abandoning Wells. 

After production declines to a point where operation is no longer profit- 
able, precautions should be taken against water incursion before the 
well is abandoned. It is customary to salvage as much of the casing as 
can be recovered, and since withdrawal of the casings will admit water 
to the oil sands, the wells must be plugged. Even though the water 
string is left intact, corrosion will eventually result in failure of the casing 
to retain the fluids of the overlying formations. 

The well is preferably plugged with cement to a point above the 
cap rock immediately overlying the oil zone, the cement being mixed 
and placed in the well by either of the methods described in the foregoing 
pages. Dump bailers are often used for this purpose, though the cement 
is more expeditiously inserted by pumping through tubing. 

There is good reason to believe that the oil measures may be ade- 
quately protected in abandonment proceedings, by mudding under 
pressure, a process that should be somewhat less expensive than plugging 
with cement. A hole left full of thick mud, after circulating until 
absorption of fluid by the wall rocks practically ceases, offers little oppor- 
tunity for intermingling of fluids from different horizons; and if there is 
sufficient clay in the fluid to fill the hole, after settling, to a point well 
above the top of the oil sand, the clay plug so formed should offer ample 
protection against water incursion from above. However, it is not 
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always easy to mud an exhausted oil «and, so that it does not continue 
to absorb fluid; and unless the wall rocks may be made practically 
impervious, the mudding process cannot be relied upon for permanent 
protection. 

Locating the Source of Water in a Flooded Well or Group of 

Wells 

In many cases it is a difficult matter to determine the source of water ’ 
which is finding its way into an oil well. Occasionally, large quantities 
of water will be admitted to the productive oil sands through a single 
well, and neighboring wells will be influtmccd, perhaps cutting off all 
production from an entire group within a few months^ time. It is 
evident that such a condition will occasion large losses, and there will be 
ample justification for the expenditure of a considerable sum in repair 
work, if by so doing the condition can be remedied. When such a situa- 
tion presents itself, it usually requires a careful study of all of the avail- 
able information to determine which well is at fault, and when this is 
done to locate the sources of the water. 

In determining which well of a group is admitting water to the pro- 
ductive strata, recourse may be had to several methods of procedure. A 
close strati graphical correlation of water shut-offs with the aid of a peg 
model may disclose the fact that in one well the cement plug, provided to 
exclude top water, has been placed too high, or that the well has been 
drilled into bottom water. A study of the drilling history of each well 
may disclose facts which will aid in reaching a conclusion. Perhaps a 
water string has corroded to such a degree that water has found admis- 
sion, or it may be that a cement plug has disintegrated as a result of the 
use of unsound cement, or by contact with alkaline ground waters. 
Again, if the wells are producing from several different sands comprising 
a zone, an edge-water condition developing in one sand may occasion 
apparent flooding of others. For example, in the sketch reproduced in 
the lower right of Fig. 157, edge water in the upper sand in the well at 
the right may eventually flood the lower sand in the left-hand well. 
A carefully kept scries of production records giving the amounts of water 
and oil produced by each well of a group will be of great assistance in 
determining which well or wells were first influenced, and which produce 
the largest percentage of water. Attention can then be focused on these 
as likely offenders. A study of fluid levels in a group of wells will often 
disclose the faulty well as the one having the highest fluid level. 

Use of Dyes and Dissolved Salts as Flow Detectors. — It is occasionally possible to 
prove that water is flowing from one well to another by inserting an easily detected dye 
or chemical substance in the well from which the water is flowing, and observing its 
later appearance in the water pumped from surrounding wells. ^ This is a test that 
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may bo applied after attention has l)ecn focused on the offending well of a group by a 
close study of the evidence. 

The dyes commonly used are fluorescein, eosinc, magenta and other fluorescent 
organic dyes. Fluorescein, < which has a distinctive yellowish-green color by reflected 
light, is apparently best adapted to the purpose. It can be detected in water by the 
naked eye when present to the extent of 1 part in 40,000,000, and with the aid of the 
fluoroscope, 1 part in 2,000,000,000 can be detected. Furthermore, it is not appreci- 
ably adsorbed by clays, and may travel for a considerable distance under ground with- 
out change in its physical properties. Kosine is a brick-red dye that is not quite so 
easily detected in minute quantities as fluorescein. The dye should be dissolved in a 
bucket of water and either poured into the well, or lowered in a glass container on the 
bailer or a cable drilling bit. On reaching bottom, a blow with the dart of the bailer or 
with the bit breaks the container and liberates the dye. The amount of dye necessary 
will depend upon the quantity of water the wells are producing, and upon a considera- 
tion of the opportunity for diffusion and the concentration necessary to produce an 
easily detected color. Usually a great excess is used — from 15 to 100 lb. — as a 
precaution against loss tliroiigh adsorption, diffusion and dissipation in other ways. 
Instances are on record where dyes used in this way have* passed through t he earth over 
distances as great as 900 ft. in about 3 hours’ time. 

A similar use of various soluble salts, such as lit hium, sodium, calcium or ammo- 
nium chlorides or nitrates, has been suggested, ident-ification of the foreign substance 
in the ground water being effected by chemical analysis. 

It should be y)ointed out that the use of dyes and other flow detectors in tracing 
the movement of underground water is more or less unsatisfactory simu' the results are 
too often negative. If the detector can be shown to have moved from one well to 
another, it will have served its purpose, but if the result is negative and the detector 
does not appear, there is always the uncertainty of whether or not some unforeseen 
factor has prevented it from having proper access to the water channels, or whether it 
has been subjected to conditions which may have changed its ])hysical or chemical 
characteristics. 
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CHAPTER X 


CONTROL OF HIGH-PRESSURE WELLS 

On drilling into a stratum containing oil or gas under high pressure, 
precautions must be taken against loss of control which might result in 
waste of oil and gas and serious damage to the well and its equipment, 
as well as to surrounding property. Preventive measures are of two 
sorts: first, the use of methods which prevent the destructive forces 
from becoming operative, and second, the provision of safeguards which 
will make possible their control if they do become operative. 



Fig. 159. — Ilhistruting wreckage of surface equipment after a blow-out. 
Note coiled rotary drill pipe in foreground. 


A high-pressure well out of control may prove exceedingly destructive. 
Violent ejection of the well fluid, perhaps accompanied by flows of sand, 
oil and gas, sometimes shatters the derrick, occasionally burying the 
drilling equipment (see Fig. 159). The drilling tools, rotary drill stem, 
and at times even the heavy casings, have been lifted bodily out of the 
well by the forces developed. Lack of control at such times often permits 
large quantities of sand to heave” into the well, or the walls may cave 
or the casing collapse, necessitating redrilling, or, in extreme cases, even 
abandonment of the well Blow-outs of high-pressure gas flowing around 
the outside of the well casings occasionally form craters which fill with 
water or oil and completely engulf the rig and its equipment (see Fig. 
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160) . Oil jetted high into the air from the well is caught by the wind 
and sprayed over the surrounding terrain, carrying destruction to trees 
and crops, and necessitating repainting of buildings. At such times, fire 
frequently adds to the destruction. A static spark resulting from friction 
of gas at the casing head; a spark caused by the striking of metal on 
metal, or rock on metal; or a flow 
of gas coming into contact with 
the boiler fires, the forge or other 
naked light — and the well and 
everything reached by the oil is 
converted into a mass of flame. 

Such conditions sometimes de- 
velop in so brief a space of time 
that they become a menace to the 
lives of the drillers. Once out of 
control, the flow of oil and gas 
may continue for days, weeks or 
even months, the damage wrought 
to the well equipment and diffi- 
culty of approach often making 
possible remedial measures in- 
effective. 

Casing Head Valves and 
I Mechanical Control Devices 

These devices are widely used 
as a precautionary measure on 
wells drilled in a high-pressure leo. Crater formed about a well after a 

territory. They are intended to 

restrain temporarily the expulsive forces, by closing in the outlets at 
the well mouth until such time as corrective measures can be applied or 
permanent controls provided. To serve its purpose, such a device must 
permit of drilling operations being conducted without interference; it 
must provide prompt control in an emergency, and it should be strong 
enough to withstand the pressures to which it is likely to be subjected. 

The Control Casing Head. — For use on wells which are expected to encounter high 
pressures, drilled with cable tools, a control casing head is often employed (see Fig. 

161) . This consists of a heavy casting in the form of a four-way tefe which screws on 
the top of the working string of casing, the space between this and any larger string 
that may be in the well being closed with a packing ring screwed into the larger casing 
head. A special cylindrical valve, oi>erated by a stem extending through a stuffing 
box in one of the side outlets, may be adjusted by a quarter turn to close either the top 
or bottom outlet of the tec, the side outlet being always open. A groove cut in the 
valve, large enough to admit the drilling cable, permits it to close when the drilling 
tools or bailer are in the well, without injury to the cable or sand line. By 
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providing a 20-ft. cxtenHion of the valvp ntcm, the valve may be manij)ulated from 
outside of the derrick. With the valve turned so that both upper and lower outlets of 
the tee are open, drilling operations may be conducted without interference. In the 
event of a Ridden flow of fluid from the well, with the tools either in or out, by a quarter 
turn of the valve the well will be shut in or the flow may be diverted through the side 
outlet, and through a connecting lead line to a tank or sump. 



Fig. 161. — Control casinghead. Fig. 102. Blow-out preventer. Ftg. 10 3. — 

T a y 1 o r -Liady 
packing spider. 


The Blow-out Preventer.* — A device known as a “blow-out preventer" is widely 
used on rotary drilled wells to prevent the circulating fluid from being forced out of the 
hole when it is expected that high-pressure sands will be encountered. This is a 
special form of casing head which is screwed on top of the last string of casing landed or 
cemented in the well. It is equipped with a pair of sliding gates which close about the 
rotary drill stem and pack off the space between it and the well casing (see Fig. 162). 
The side outlets provide a means of connecting 6-in. pipe with the sj)acc between the 
casing and the drill stem. A gate valve provides the necessary control of each outlet. 
The gates are ordinarily kept open, but in the event of a threatened blow-out are closed 
about the drill pipe, preventing further escape of the well fluid. Each gate is con- 
trolled by a separate stem operating through a threaded nut and stuffing box, such as 
is used on an ordinary gate valve stem. An extension of the stem permits of operating 
the device from the outside of the derrick. A back-pressure valve in the drill stem 
prevents mud from blowing out through the stem, and with a blow-out preventer to 
pack off the space between the stem and the casing, the well is securely shut in until 
the pressure can be killed with mud, or until provision can be made for taking care of 
the flow. If cable tools are employed, the blow-out preventer can be used effectively 
in packing off the space between two strings of casing. In connection with a gate 
valve or control casing head on the inner casing, through the open gate of which the 
cable tools may be operated, ample security against blow-outs is afforded. 

The packing spider illustrated in Fig. 163 serves to control the flow of gas and 
oil that sometimes occurs between two strings of pipe in the well. 

The Oil Saver. — Various devices known as “oil savers" are available for closing 
in the top of an ordinary casing head in such a way as largely to prevent the escape 
of fluid under pressure about the well mouth, yet permitting free movement of the 
drilling cable. These are of two general types: first, one in which the cable works 
through a gland stuffed with hydraulic packing (see Figs. 164 and 166), and 
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secondly, one in which the cable is enclose^ within a long, polished working barrel 
passing through a suitable stuffing box (see Fig. 165). The latter is similar in princi- 
ple to the circulating head described in connection with the standard circulating 
system of drilling (see page 139). The ordinary forms of oil silvers are simply held 



Fig. 104. — Oil savor, roller Fig. 105.- Oil Fia. 1 00. — lliKl)y oil saver, 

type. saver, barrel 

typo. 


in position in the casing lioad by set screws, and are not absolutely secure against 
leakage if subjected to great jiressures. They serve, however, to divert oil which 
may flow from the well while drilling is in process, through the side outlets of tlie 
casing head, into the lead lines connecting with the storage tanks or sumps. 


Control of Hkui Phessurk by the Use of Mud-laden Fluid 

In controlling high-pressure gas, the hevst plan is to deal with the 
menace at its source and prevent the gas from entering the well. This 
can ordinarily be accomplished with the aid of mud-laden fluid. We have 
seen that the opportunity afforded to use mud-laden fluid in sealing 
off and controlling high-pressure sands is one of the principal advantages 
of the modern hydraulic rotary and standard circulating methods of 
drilling. 

The effect and manner of application of mud-laden fluids in ordinary 
drilling practice have already been adequately described (see page 172), 
but descriptions of (u^rtain spc'cial applications of the mudding process 
in controlling high pressures have been reserv(^d for the present chapter. 

If th(' well is being drilled by rotary methods and high-pressure gas is 
encountered, the circulating fluid is at once thick(med by the addition of 
clay to the mud pit, drilling being discontimu^d for a time if necessary, 
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to allow ample opportunity for tbe mud to seal the pores of the high- 
pressure stratum. Every precaution must be taken to avoid a blow- 
out/' or ejection of the fluid from the hole. The ability of the circulating 
fluid to resist the gas pressure and prevent its admission to the well 
depends chiefly upon its hydrostatic head and density. Ordinarily about 
15 per cent heavier than water, each hundred feet of mud fluid pressure 
is equivalent to about 50 lb. per square inch. This can be increased to 
as much as 60 lb. per square inch by addition of clay until the fluid has 
' a density of 1.4. At a depth of 1,000 ft., the mud fluid may therefore 
exert a pressure of 600 lb. per square inch. If a gas sand encountered 
at this depth is under a greater pressure, obviously gas will enter the 
well; and unless additional pressure is applied or the outlet from the 
well is closed, the fluid will be violently ejected. In recent experiments 
in Louisiana,^ iron oxide has been added to the well fluid to give it greater 
density in opposing high gas pressures. Mixtures weighing as much as 
17 lb. per gallon (normal weight about 10 lb.) have been prepared and 
effectively used in some cases. 

If gas enters and mixes with the circulating fluid, the density of the 
latter may be considerably reduced by gas occlusion, thus reducing the 
hydrostatic head on the well and the effectiveness of the mud in resisting 
the gas pressure. Fresh fluid should be circulated continually through 
the well and the mud should be agitated on reaching the surface to free 
it from occluded gas before again pumping it into the well. Blow-outs 
sometimes occur during removal of the drill stem from the well. Dis- 
placement of fluid by the stem results in considerable subsidence of the 
fluid level when the stem is withdrawn, with consequent decrease in the 
hydrostatic head opposing a high-pressure sand in the bottom. More 
fluid should be introduced at such times, or the mud should be thickened. 

Mudding under Pressure. — If a high-pressure sand is suddenly encountered 
with rotary tools in the well and there has been insufficient time to thicken the mud 
fluid to resist it properly, at tlie first sign of instability of forces within the well the 
blow-out preventer is closed and drilling is discontinued. The mud in the slush pit 
is thickened by the addition of clay, until a mixture as thick as the pump will handle 
is obtained. As this thicker mixture is pumped into the well through the drill stem, 
the pressure builds up until a sufficient pump pressure is added to the natural hydro- 
static head to offset the pressure in the saml. Excess pressure beyond this point 
forces the well fluid into the sand, and as the fluid is absorbed, the sand pores gradu- 
ally become clogged with clay, until the openings by which the gas enters the well are 
closed. By this time the heavier mud will also have considerably increased the 
normal hydrostatic head so that the pump pressure can gradually be reduced, the blow- 
out preventer is cautiously opened and circulation is resumed. Slow drilling with 
frequent rest intervals for mudding under pressure will usually enable the tools to 
penetrate the high-pressure sand without loss of control. 

Use of the “Lubricator.** — If the drilling tools are out of the hole when a blow-out 
occurs and it is possible to close the outlet, either with the aid of a blow-out pre- 
venter or a control casing head or both, a somewhat different^ procedure must be 
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adopted. The problem now presented is that of placing more mud in the well so 

that greater hydrostatic resistance may be exerted by the well fluid. In order to 

accomplish this without releasing the pent up forces within the well, a device called a 

“lubricator” is rigged above the casing head.* This consists of two joints of casing 

about 10 in. in diameter, connected by a coupling with a tee at the bottom, which, in 

turn, is connected by a nipple to the top outlet of the control casing head or valve, Aj 

(see Fig. 167). Near its upper end, the 10-in, 

casing connects through a reducer to a 2-in. // © 11 

pipe which, by means of two elbows and a H ^ ^ 

nipple, is led down at one side of the 10-in. /r cas/n^ 

casing to about the level of the derrick floor, 1^ ! 

and thence to the mud pit. A control valve, ^ X j — tn 

B, is placed in this 2-in. line at some con- 1*^1 ^ T 

venient point outside of the derrick. A 3-in. ^ 

line connects the side outlet at the lower end of T L-sJ 

the 10-in. pipe with a high-pressure slush pump. ^ 

All pipe .and fittings should be capable of with- ^ ? 

standing heavy pressures. I 5 

With valve A closed and B open, a thick j ? 

mud is prepared in the mud pit and pumped ^ 

through the 10-in. casing until it overflows 5 

through the 2-in. line which returns the excess S 

to the mud pit. The pump is then stopped, — 

valve B is closed and A is opened. The mud ^ 

in the lubricator, by reason of its excess of X 

density over that of the well fluid, sinks /e> 

through the casing to the bottom of the \vcll. | ^ 

Valve A is then closed, B is opened and the l 

process is repeated until the well fluid has bven 7 jTV*S=4 ' ~ »• 

greatly increased in density and a considerable ^ /tne fo trap 

depth of thick mud has settled to the be ttom \ Control nt/yo 

of the well. Pump pressure may then be ap- ^ff// Cas/ny 

plied by closing valve B, opening A, and opera- 
ting the pump, thus forcing the thickened fluid {After ii j stduu, Cahfomia state Min- 
to flow into the high-pressure sand, depositing Bureau, Dept o/ Oti and Gas). 

its clay in the sand iK)rcs about the walls of 107.--"Lubri,.ator” for uae in 

the well. After the formation ceases to absorb 

the well fluid under high pump pressure, the pump is stopped and valve B is 
cautiously opened. If the fluid is not ejected, it may be assumed that the high- 
pressure sand has been effectively scaled and the lubricator is removed and drilling 
continued. 

If the cable tools are used, alternate drilling and mudding in this manner will 
make it possible to penetrate the high-pressure sand and continue to greater depths if 
desired; but care should be taken not to permit too low a fluid level on the sand, or 
the pressure may clear the sand pores of mud and cause a recurrence of the difficulty. 

Use of the Circulating Head in Controlling High-pressure W^ells with Mud- 
laden Fluid. — The circulating head and mud-pumping equipment described in con- 
nection with the standard-circulating system of drilling offers a convenient means of 
controlling high pressures in wells drilled with cable tools (see page 305). If the 


Hoae'or F,pe to 
I hf^h-fM-esttore rrw4 pump 

I — 

rToe yy/th Fhey-ph^ 

3[j6i ■ • — >■ ' 

rhyy hne fo trap 
-Confrot Fa/yo 


{After II J Stcinp, Ctihfornia State Min- 
ina Bureau, Dept of Oil and Gas). 

Fig. 167. — “Lubricator” for use in 
mudding high pressure wells. 


presence of a high-pressure sand is knowm or expected, the circulating head should 
be placed on the casing before penetrating it. In this device, the space about the 
drilling cable within the head is packed off with a stuffing box. If high-pressure 
gas is encountered, heavj’^ mud is pumped through the side outlets of the head, and 
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pump pressure is maintained until the aand is sealed. If cable drilling is in progress 
and an unexpected flow of high-pressure gas is encountered, the pressure may be 
brought under control with the aid of a lubricator and a circulating head is placed 
on the casing to take care of further mudding before drilling is resumed. 

Placing Mud-laden Fluid in a Well That Cannot be Shut In.'^— It will occasion- 
ally happen that a well cannot be shut in, either because the casing has not been 
landed and gas finds its way to the surface outside of the casing, or because it would 
be unsafe to subject the casing and fittings to the prevailing pressure. In such a 
case it would be impossible to use the lubricator in the manner described above and 
anotjjer method of introducing the fluid must be adopted. 

Often there will be a conductor string landed at some point above the high-pres- 
sure sand, on which a tee casing head may be placed. A string of 2- or 3-in. tubing 
is lowered to bottom through the top opening of the tee, and the space around it is 
packed off so that it is secure against gas pressure. The lowTr end of the tubing is 
equipi)ed with a back-pressure valve or a loosely placed w^ooden plug which can be 
forced out by pump pressure, while the side o\itlet of the tec is controlled by a gate 
valve. Mud is pumped down through the tubing to the bottom of the well, the 
gate valve being partially closed to prevent it from being blown out by the gas pres- 
sure, until there is sufficient mud wdthin the well to offset the pressure. The outlet 
may then be closed and jiump pressure applied to force fluid into the sand. 

If the gas pressure is not too high, mud may be introduced by setting the casing 
on bottom after the high-pressure sand has been penetrated, filling the casing with 
mud; and then lifting it slightly so that the mud rapidly rises in the space about the 
casing, inundating the gas sand. By this procedure, the well is usually filled to a 
point between two-thirds and three-fourths of its depth, and the height of fluid is in 
many cases sufficient to offset the gas pressure. Unless there is a large clearance 
between the walls of the well and the casing, there is danger of the casing becoming 
frozen when this method is used, and in some instances collapse of the casing has 
resulted. 

It may seem desirable or necessary at times to introduce mud-laden fluid at 
the surface into the siiace around the outside of the casing, or between two strings of 
casing.® I'liis should be avoided, how^ever, if jxissible, since in flowing down the walls 
of the well the fluid often loosens much coarse material which settles about the 
collars and freezes t.he pipe. 

CAPPlNCi A FlOWINCJ WeLL 

If a blow-out occurs and no control devices have been provided at the 
casing head, the well may get so far out of control that the flow of mud, 
oil and gas makes it difficult to attach a control head or valve on the 
casing. Since the well will continue to flow with great loss of oil and gas 
until checked in some way, it is necessary to at once undertake capping^’ 
operations. This involves placing a valve of some sort on the outlet. 

The valve to be employed is of the flanged gate type, and should be 
of massive construction to withstand the high closed-in pressure to which 
it is likely to be subjected (sec Fig. 168). This ‘‘master valve^^ is sus- 
pended over the mouth of the well in the derrick and is gradually lowered 
on a previously placed flanged connection on the casing, while the stream 
of gas and oil passes through the open gate (see Fig. 169). When the 
flanges have been bolted together, the gate is slowly closed until the well 
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is brought under control. A similar, valve is then connected above 
the master valve with suitable connections, the second valve being 
intended for use as the working control valve, while the lower master 
valve is normally left open. In this way most of the wear, which may 
become serious if sand flows from 
the well with the oil, falls upon 
the upper valve, and the lower is 
kept in good condition for use 
in controlling the well when the 
upper valve is being repaired or 
replaced. 

Often the valve controls on a 
high-pressure oil or gas well will 
be arranged in the form of a cross 
on a four-way tee, with two addi- 
tional gate valves on the side out- 
lets, which control the flow through 
the lead lines. The upper valve 
in this case serves merely as an 
additional control at such times as 
it maybe necessary to allow the well 
to blow, or to permit excess oil, 
beyond what can be taken care of 
by the side outlets, to escape. In 
the case of exceedingly high pres- 
sures it may be unsafe to shut in 

the well comifletely. ,, , , 

- re f 1 U)S.— ( ontrol vjilvfts on a high-pressure 

1 he scouring etlec^t of sand well. 

carried by the oil may necessitate 

frequent replacement of valve parts and connecting fittings. It has been 
found helpful, in reducing damage due to the cutting action of sand, to place 
short extensions in the din'ction of primary flow, at (^ach change in 
direction. That is, instead of using elbows, a tee will be placed at each 
bend, and a short-(;aj)p(Hl nipple inserted in the extra outlet of the tee. 
The space within this nijiplc cushions the flow, much of th(i sand eddying 
into the extension nipple, to be eventually diverted at reduced velocity 
into the main stream of fluid through the side outlet. This principle 
is adapted in the design of certain valves used in handling x)il containing 
sand. 



Anchoring Casing and Control Valves. — The upward pressure exerted 
by gas enclosed within the casing by closing the outlet is in some cases 
great enough to place considerable strain upon the connections at the 
casing head. In some instances pressures have been sufficient to lift 
the casing bodily out of the well. Suppose, for example, that 10-in., 
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40-lb. casing is in use, and that a gas sand under a pressure of 1200 lb. 
per sq. in. is encountered at a depth of 1,500 ft. The upward pressure 
exerted on the cross-sectional area of the casing head or control valve 
will be 78.54 X 1,200 = 94,248 lb. The weight of the column of casing 
will be about 34,000 lb. less than this, and unless friction on the walls of 
the well prevents, the casing will be forced out of the hole. To offset 



Fig. 169. — Capping a gusher. 


this tendency, it is customary to anchor the control valves or casing 
head to the derrick sills with the aid of a heavy steel clamp and long 
bolts. In order to give additional security, some operators construct a 
heavy block of concrete about the casing below the derrick floor, embed- 
ding the anchor bolts in the concrete in such a way as to prevent the pipe 
from moving. 

The Mortenson Well Capping Device. — In the case of gushers producing large 
quantities of oil and gas under high pressure, it may be difficult or impossible to 
attach an ordinary gate valve or control casing head in the manner described above. 
The great force of the flow sometimes makes the open end of the casing practically 
inaccessible. Or perhaps, the upper end of the casing has become damaged, or is 
not suitably equipped to receive and support a heavy control valve. Under such 
conditions, recourse may be had to the use of a Mortenson “capper” (see Fig. 170).* 
This is a massive gate valve built in sections, in such a way that it may be assembled 
about the column of casing without the necessity of making any screw connections, 
or of lowering the valve through the flowing gas and oil. The capper is divided into 
two parts longitudinally, and is bolted about the upper end of the casing with the 
shoulder at the lower end, just below the top coupling. The gate is withdrawn 
into its recess while the device is being placed on the casing, so that it in no way 
obstructs the flow of oil or gas. If desired, it can be placed one joint below the upper 
end of the column with the upper joint of casing extending up through the valve, 
the upper joint being detached after the capper is in position. A groove in the 


CONTROL OF HIGH-PRESSURE WELLS 


311 


lower end of the device provides a recess for hydraulic packing which bears against 
the pipe below the coupling and prevents leakage. Two circular side openings 
provide a means of attaching lead lines which are controlled by separate gate valves. 
The upper end of the capper is equipped with a flange and bolts for pipe connections, 
while a flange at the lower end provides a means of attaching anchor bolts the 
lower ends of which are embedded in a block of concrete cast about the casing. The 
lower edge of the groove into which the 
gate fits is rounded in order to permit 
sand to be squeezed out of the groove 
as the gate is seated. The device is 
manufactured in several different sizes, 
varying in weight from 1,600 lb. for 
6}i-in. casing, to 3,600 lb. for 


Protection of Workmen about 
High-pressure Wells 




It is obvious that considerable 
risk is attached to the conduct of 
work about high-pressure wells, and 
every precaution should be taken 

against accident. Excessive pres- 170 — Mortenson capping valve for 

sure may result in the failure of controlling iugh-pro«sure weiu. 

control valves or fittingtS about the casing head, which arc shattered 
with explosive violence. A sudden rush of high-pressure gas, accom- 
panied by mud or oil, may wreck the derrick or force the drill stem or 
casings out of the well. The position of the derrick man in such an 
event is particularly dangerous. A safety device in the form of a wire 
rope sling which enables the derrick man to slide down one of the guy 
wires to safety, has been rather widely adopted in some of the California 
fields. The stems controlling blow-out preventers and control heads 
should be so extended that they may be adjusted in case of necessity 
from a point outside of the derrick. 

Capping operations must often be conducted in the presence of large 
quantities of highly inflammable oil and gas, ready to explode or flash 
into flame on the slightest provocation. While natural gas is not poison- 
ous or asphyxiating unless hydrogen sulphide is present, the mere absence 
of oxygen in an atmosphere so laden with methane and oil vapor may 
make work about the well difficult and even dangerous. The use of self- 
contained oxygen breathing apparatus about oil and gas wells under such 
conditions offers a possible solution for this difficulty. Every precaution 
must be taken against fire. 

Prevention and Control of Oil and Gas Well Fires 

The destruction wrought by the firing of a well producing large quanti- 
ties of oil and gas under high pressure has been demonstrated in many 
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fiolds. Aside from great losses pf oil and gas from the burning of the 
well itself, the danger to other near-by wells and surrounding property 
usually requires prompt action in controlling and extinguishing it. The 
conditions attending such a conflagration present a problem in control 
of natural forces very difficult of solution. The column of flame may 
extend for several hundred feet into the air above the casing head (see 



Fig. 171. — Lakcview No. 2 gu.shor, Sunset Fio. 172.- -A gusher fire, Elk Hills Field, 
Field, Ciilifornia. California. 


Fig. 172) . If the well produces more oil than the flames can con.sumc while 
in the air, the surrounding terrain may be deluged with burning oil. The 
derrick and wooden iiortions of the drilling plant an; rajiidly consumed, 
and the metal portions are converted into a mass of twisted iron and steel. 
This and the intense heat prevent close approach to the casing head. 
The casings projecting from the well mouth are often so damaged that 
they offer little opportunity for shutting in the* flow even though means 
of approach and control for the fire an* possible. 

Gas well fires are easier to extinguish than oil well fires, for the reason 
that the gas is completely consumed and the flame is confined to a well- 
defined column of no great thickness. The force of the flowing gas and 
scarcity of oxygen, except about the periphery of the ascending stream, 
usually prevent the gas from burning until it is well above the outlet. 
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As the column ascends, however, air drawn in and mixed with the gas 
so that it burns freely. 

If the gas flow can be momentarily interrupted, it will usually be 
extinguished. It is customary to resort to the use of steam to accomplish 
this. A large volume of steam suddenly and forcibly applied immediately 
above the casing head, against the stream of gas, cuts off the supply of 
oxygen necessary to support combustion and smothers the flame. Inci- 
dentally, the steam serves to cool the ascending vapors and metal objects 
about the well and casing head. 



( \ftei' V P. Bowie in U. S B Mines Bull. 170). 
Fi(}. 173.— Portable gas well firo extinguisher. 


Ill combating gas well fires with steam, a battery of portable boilers — ^frequently 
20 or more — of the type used in furnisliing power for drilling operations, is assembled 
about the well at a safe distance. 8team jiipes equipped with goosenecks terminat- 
ing in flattened nozzles are connected with the boilers, pushed forward toward the 
fire and adjusted so that the nozzles will direct their jets of steam directly against 
the outlet of the casing head. The boilers arc fired and a supply of high-pressure 
steam is suddenly discharged into the fire from all sides, and, if possible, maintained 
for several minutes after the fire is extinguished. Sjirays of water similarly directed 
are sometimes successful, the water being converted into a blanket of steam on 
contact with the flame. A 40,0()0,000-cu. ft, gas well fire near Monroe, La., was 
successfully extinguished by this method. 

Another method commonly employed in extinguishing gas well fires involves the 
lowering of a large diameter f)ipe in a vertical position over the wofl, in such a way 
as to enclose the burning column of gas. The pipe serves to prevent admixture of 
air with the gas until it has passed through the pipe, the flame being confined to the 
gas above the upper end. The pipe is simply allowed to topple over, throwing the 
flame to one side of and to a safe distance from the well. Fig. 173 illustrates a 
small portable extinguisher operating on this principle, that is used by the Empire 
Gas and Fuel Company in combating small gas fires.^® The hood which is lowered 
over the casing head is in this case mounted on wheels, and supports about 20 ft. 
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of 14-in. pipe. When the device is in position over a burning well, a valve or damper 
in the upper end of the hood cuts off the supply of gas to the fire, directing it through 
a side outlet connecting with a 10-in. pipe, which carries the gas to a safe distance 
from the fire. The same principle has been applied with larger and more cumber- 
some apparatus in controlling largo fires. In one case it was found possible to sus- 
pend a cableway over a gas well fire from elevated ground on either side, on which 
a 36^in. smokestack riveted to a funnel-shaped hood was transported to a point over 
the fire and lowered over the casing head (see Fig. 174). When the flame had passed 
to the top of the stack, the ground and metal parts about the well were thoroughly 
cooled with water, the top of the stack was drawn over at a considerable angle, and 
* the base quickly removed from the well, thus cutting off the supply of gas through 
the stack and extinguishing the fire. 



(Afttir C P Bneie in U. S B MtM.& Bull 170 ) 
Fig. 174.- -Placing a 36-inch smoke .stack over a burning gas well. 


A method of successfully combating gas well fires involving the use of explosives 
has recently been developed in California. A fire well in the Klk Hills field had 
defied efforts to extinguish it with steam and carbon tetrachloride, when the use of 
explosives was suggested. Wooden towers erected on two opposite sides of the 
well provided a means of stretching a cable a few feet from one side of the column of 
flame, which extended 200 ft. into the air above the casing head. A small carriage 
was rigged, suspended on two flanged pulleys traveling on the cable, and a second 
pull rope provided a means of moving the carriage along the cable. A charge of 
160 lb. of blasting gelatin was suspended from the carriage and the latter moved 
along the cable until it reached a ixjsition near the column of flame. The explosive 
was then detonated electrically. Observers state that the flame was literally blown 
out by the force of the explosion, the upper part of the column being blown upward, 
the lower part downward and the central portion horizontally away from the position 
of the explosive. A battery of boilers were fired and the steam, with about 100 bbl. 
of carbon tetrachloride, was brought to bear upon the base of the fire at the time of 
the explosion. This particular well ranks as one of the world's largest gas wells, 
the flow being in excess of 100,000,000 cu. ft. at the time of the fire. It was ignited 
by friction of the gas, carrying large quantities of shale and sand, upon the 6-in. 
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flow line through which the gas was ejected from the well. Explosives were later 
successfully used in a somewhat similar manner in extinguishing several oil and 
gas fires in the Long Beach field of southern California. 

Oil Well Fires. — In the case of an oil well fire, the flame is not usually 
confined to a well-defined column, as in the case of gas. Burning oil falls 
all about the well, so that the source of the fire is more difficult of 
approach. The casing head and metal parts of the rig become heated so 
that they often reignitc the oil after it has been extinguished, unless it 
can be kept under control for a sufficient time for surrounding objects to 
cool. 

Many spectacular oil well fires have been experienced in the American 
fields, and published accounts of them provide interesting reading and 
describe many ingenious methods used in extinguishing and controlling 
them.^® The methods employed necessarily vary with the size of the 
fire and the surrounding (jonditions. Steam is customarily employed, as 
described above, but in the case of certain large fires has been unsuccess- 
ful. In one instance, a l,0()0-bbl. well became ignited, and due to 
lateral deflection of the stream of oil as a result of collapse of the casing 
head, a crater 50 ft. in diameter and 40 ft. deep was formed about the well. 
A large number of boilers were set up near the well and steam and water 
applied in the usual way. Though the fire was repeatedly extinguished, 
the heated walls of the crater reignited it as soon as the blanket of steam 
cleared. This fire was eventually extinguished by flooding the crater with 
mud, mixed in a large reservoir specially constructed near by. Steam 
formed from the mud extinguished the fire and the mud plastered and 
cooled the walls of the (;rater. 

In another case of a fire well producing 48,000 bbl. of oil daily, it was found 
impossible to extinguish the flame with 36 boilers. A circular levee 3 ft. high and 
200 ft. in diameter was constructed about the wtII to confine the burning oil, and a 
328-ft. tunnel was driven to intersect the well casing at a depth of 18 ft. below the 
surface. The well contained three strings of casing: 10, 8 and 6 in. A split clamp 
was placed around the 10-in. casing, and to this was attached a 6-in. pipe extending 
beyond the tK)rtal of the tunnel (see Fig. 175). An especially constructed bit made 
from a case-hardened nipple was screwed on the end of a line of 4-in. pipe extending 
through the 6-in. line, and equipped at its outer end with a cap and sprocket wheel 
to which was attached a rotary chain drive. A screw jack set against a post served 
to force the bit against the pipe as the 4-in. line revolved. Rotating the 4-in. pipe 
and bit caused the latter to cut a hole through all three casings, care being taken 
to stop the bit in the center of the 6-in. casing. A hole previously cut in the bit 
wa« turned so that asbestos shavings pumped under pressure through the 4-in. pipe 
were forced down into the stream of ascending oil and accumulated about the bit, 
closing the small spaces about the bit and cutting off the supply of oil to the surface. 

The work of combating oil fires is hazardous and difficult. The temperatures to 
which workmen are exposed are extreme. Such work as adjusting steam lines and 
nozzles and making preliminary arrangements requires that the workmen approach 
as nearly as possible to the well. At such times they may be partially protected by 
sheet metal or asbestos shields pushed ahead of them as they advance. It may be 
necessary to continually spray the workmen with water to prevent ignition of clothing. 



CHAPTER XI 


FINISHING THE WELL 

On encountering an oil or gas stratum which gives evidence of being 
commercially productive, the driller proceeds carefully and cautiously. 
Perhaps the stratum is under high pressure, and unless precautions are 
taken there is danger of a blow-out” which may be accompanied by an 
uncontrollable flow of oil and gas. Reduction of the specific gravity of 
the mud-laden fluid by contamination with occluded oil and gas will 
sometimes be responsible for a blow-out in rotary drilling. Such an 
event usually results in great loss of oil and gas, and often seriously 
damages the well and its equipment. If the producing stratum is an 
unconsolidated sand, the well may “drill itself in” as soon as the cap rock 
is penetrated, large quantities of sand flowing to the surface with the oil 
and gas and forming a cavity in the oil sand about the well. 

If the oil sand is under low pressure, there may be very little evidence 
of the presence of oil during the ordinary processes of drilling. A high 
fluid level within the well may prevent any oil or gas from escaping 
from the sand. If the rotary method of drilling is employed, the sand 
faces soon become rapidly mudded so that their true character is obscured. 
The circulating fluid may so thoroughly wash the cuttings from the drill 
that little evidence of the presence of oil remains. To the trained eye of 
the driller, however, there will usually be evidence that at least leads him 
to suspect the presence of oil. Perhaps a little oil sand clinging to the 
drilling bit or the bailer, or a few globules of oil or gas froth on the mud 
ditch will tell the story. If there is evidence of oil and the rotary equip- 
ment is inr use, the clay content of the circulating fluid should be at once 
reduced by adding water to the fluid in the mud pit. A core of the 
material in the bottom, taken with a suitable core barrel, will give posi- 
tive evidence. If the cable tools are used, the bailer will usually bring 
up samples of the material in the bottom that have not been greatly 
disturbed. A chloroform test will be decisive if there is any doubt of the 
presence of oil. 

While we may depend upon such indications and tests for qualitative 
evidence, it is often difficult to form any estimate of the probable pro- 
ductivity of the well without making an actual pumping test. The well 
is “bailed down” to remove the hydrostatic head on the oil stratum and 
allow the oil and gas to escape from the sand. This is done cautiously 
in order to avoid a sudden flow which might be difficult to control. As 
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the hydrostatic head is gradually reduced by continued bailing, oil will 
begin to enter as soon as the balance of pressure is in its favorj and will 
float to the top of the fluid in the well, increasing in quantity as the head 
is reduced. If the productive sand is unconsolidated, it may tend to 
“heave” or flow into the well with the oil, occasionally filling the hole for 
hundreds of feet above bottom and necessitating prolonged bailing or 
even redrilling. If there seems to be danger of this, care should be taken 
not to bail the well down too rapidly or too far, and the bailer should be 
lowered to bottom for its load in order to observe the tendency of thef 
sand to enter. 

In the case of reservoir rocks of limestone or “tight” sands or shales, 
it is usually necessary to make an actual pumping test for a few days 
before the full productivity may be realized. In hard, close-grained rocks 
such as the limestones, it is also customary to “shoot” the wells in the 
hope of fracturing the oil stratum so that oil may freely enter. Rush of 
air from the well as a result of a shot of nitroglycerin or dynamite often 
causes a flow of oil which sometimes lasts for several days or weeks, 
though the well may have given little evidence of the presence of oil 
prior to blasting. 

It will be noted that th(i manner in which oil makes its presence known 
as the drill enters the oil stratum varies markedly, depending upon the 
nature of the reservoir rock and the pressure under which it is stored. 
The method of drilling employed also has its influence in determining in 
some measure the hydrostatic head resisting entrance of the oil. In 
high-pressure territory, there will be no uncertainty, and flowing wells or 
gushers, in which the oil is thrown from the well mouth high into the air, 
occasionally offer new problems in control of exceedingly destructive 
forces. In the case of low-pressure strata or close-grained rocks, on the 
other hand, the skill and ingenuity of the driller may be taxed to the 
utmost to establish conditions within the well which will cause it to yield 
oil in commercial amounts. 

Setting the Oil String or Liner. — Drilling should be continued until the 
oil stratum is penetrated, and unless bottom water is encountered 
immediately below, the hole should be drilled for an additional 10 or 20 
ft. This serves as a sump for the accumulation of sediment or cavings 
from the walls, or for sand which may enter with the oil, and also as a 
reservoir in which oil may accumulate. It is important that sand enter- 
ing with the oil should not accumulate within the well opposite the 
producing sand, since it has a detrimental effect on production. 

If the walls are firm and do not tend to cave, the well may be 
completed without casing of any sort opposite the productive stratum. 
This practice is characteristic in most of the fields of the eastern United 
States. The last string of casing or the “oil string,” so named because it 
is the only one in contact with the oil, is in this case carried to a point 
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immediately above the oil stratum.and set on a firm shoulder of rock in 
such a way as to exclude water and cavings from above. 

If the productive stratum is a loosely cemented sand or sandstone, as 
is generally the case in the fields of California, Louisiana and southern 
Texas, it is necessary to carry the oil string through the oil sand to the 
bottom of the well. And in order that the oil may gain admittance to 
the pumping device which is placed within the casing, the pipe is perfor- 
ated opposite the oil sand with numerous round holes or slots. These 
V)penings are frequently equipped with screens of various types which 
allow the oil to pass but exclude the sand which tends to flow in with the 
oil. The lower end of the oil string rests on bottom and should be 
securely plugged to prevent water or heaving sand from entering from 
below. 


Perforating the Oil String 

The oil string may be either perforated in the shop by drilling holes 
or cutting slots in it before it is placed in the wc^ll, or it may be perforated 
in the well with the aid of a casing perforator.* Shop-perforated pipe is 
preferable since the holes are more uniformly spaced, the openings arc 
clean cut, and the casing is left in better condition than when it is per- 
forated in the well. Furthermore, the operation of the perforator is 
always somewhat uncertain. However, it is sometimes unsafe, because 
of tendency of the walls to cave, to remove a string of casing from the well 
to insert shop-perforated pipe. In such a case, reliance must be placed 
on the successful operation of a casing perforator. 

Perforating casing in the well is accomplished with the aid of one or 
another of the various forms of casing perforators of which there are two 
principal types; first , the single-knife perforator similar in many respects 
to a casing ripper; and second, the wheel-knife perforator equipped 
with one, or sometimes two, star-shaped wheels the points of which, 
when brought to bear against the inside of the pipe, cut slots in it.^ 

The single-knife perforator consists of a substantial frame or body, a, in which a 
steel knife, h, pivoted at one end, is mounted (see Fig. 176). The knife is actuated by 
a mandrel, c, which is free to move up and down in a slot cut through the body of the 
tool below the knife. A spring, d, presses firmly against the inside of the pipe. The 
spring is free to move up and down on the mandrel, except when engaged by the latch 
e. The tool is lowered on tubing to the depth at which it is desired to perforate the 
casing, and then pulled up a short distance. The spring, d, pressed tightly against 
the casing will drag, so that the mandrel, c, will be pulled up through the spring until 
the latch, c, is engaged. The tubing is then again lowered, the spring remains station- 
ary because of its pressure against the pipe, continued descent of the tubing causing the 
knife to force its way through the pipe. The tool is then raised a short distance, 
allowing the knife to drop back into position to cut another perforation. By carefully 

* Wagy, E. W., Perforated casing and screen pipe in oil wells, Thesis^ University of 
California, 1920, later published as U. S. Bureau of Minos, Tech. Paper 247. 
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measuring the movement of the tubing on w^ich the perforator is susi>ended, the holes 
punched can be uniformly spaced at any desired distance. By rotating the tubing 
through 90 or 180 deg., two or four rows of perforations can be cut around the circum- 
ference of the pipe. The shape of the knife controls the form and size of the perfora- 
tion. The tubing is sometimes filled with water in very shallow wells, to add weight; 
or a string of fishing tools may be rigged and the perforator driven down with the jars. 



Fia. 176 (/asiriK poifoiatov. 




{After P. M Paine and E W. Wayy). 

Fio 177. — Illustrating action of single-knife perforator. 
a, body; h, knift.*; c, mivmln*!; d, Bpririg; e, lug. 


Wheel-knife Perforators. — A number of well-known and commonly used casing 
perforators are in this group, notably, the Hardison, Star, Brinkman, Mack and Basch 
perforators. The first three mentioned are equipped with one wheel knife, cutting one 
row of perforations at a time, while the latter two are equipped with two wheels and cut 
two rows 180 deg. apart, with each application. A four-knife perforator is also avail- 
able on the market, which punches four rows of holes 90 deg. apart, but it is said to be 
unduly complicated in its mechanism and to lack rigidity. 
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The Star Perforator will be briefly ^escribed as typical of the group of wheel- 
kuife machines. It is operated on tubing and depends upon a spring, a, and mandrel, 
6, for setting the knife, c, which is shaped like a five-pointed star (see Fig. 178). A lug, 
d, on the mandrel prevents the knife from moving out of its i>osition within the body 
of the tool while it is being lowered into position, but when the depth is reached at 



{After E. W, Waav in U . S. 
B. Mines Tech. Paper 247) 

Fig. 178.— “Star” per- 
forator. 


which it is desired to begin perforating, turning the tubing 
releases the lug from its recess. Further lowering of the 
tool forces the mandrel upward, pressure of the spring 
on the end of the mandrel holding the latter stationary as 
the tool is lowered. As the body of the tool is lowered over 
the mandrel, the wheel knife mounted on the upper end 
of the mandrel is forced up the inclined slot until the points 
bear against the pipe. Further downward pressure on the 
tool causes the knife to revolve, punching a hole as each 
point of the knife is forced against the pipe. After one 
vertical row of holes is cut in this way, the tool is raised to 
its original position, turned through 90 or 180 deg., and 
again forced downward. 

The shape of the cutting points of the wheel knife can 
be varied to produce any desired form or size of slot (see 
Fig. 179). The size of the wheel and the number of points 
on it determine the spacing of slots. Single-knife wheel 
perforators can be adapted to different sizes of pipe by the 
use of adjustable backs, such as that indicated in Fig. 178. 
Double-knife perforators, which cut two rows of perforations 
at once, must be designed for the particular size of pipe in 
which they are to be used. Doubleknife perforators have a 
tendency to flatten the casing if used on thin-walled pipe, as 
a result of the strain exerted on two opposite sides simulta- 
neously. 

Casing perforators must be rugged, since the duty im- 
posed is very severe, and they should contain as few working 
parts as possible. In long strings of heavy casing, where the 
walls to be perforated arc thick and there is more or less 
spring in the pipe and tubing, the perforator must be 
worked alternately up and down against the pipe for each 
hole cut. This is accomplished, if the cable tool equipment 
is in use, with the aid of a jerk line from the wristpin, a 
connection such as is used in spudding operations. Two- 
way perforators are run below a fishing string on the drilling 
cable, and are driven down with the jars. Manipulation of a 
casing perforator on a string of tubing is more satisfactory 
than on a drilling cable, since the operator is better able 
to control the position of the holes punched. A single- 
knife machine cannot be satisfactorily operated on a drilling 


a, spring; b, mandrel; 
c, knife; d, lug. 


cable. 

The perforator should be tested in a joint of casing before 


the tool is lowered into the well. Even when the machine 


is known to be in good condition, however, there will be some uncertainty in its 
action due to slight differences in diameter of the pipe, or thickness and -hardness of 
the metal walls. All of the perforating should be done if possible without removing 


.the perforator from the well; otherwise, there is danger during a second application, 
of the second series of perforations encountering the first, causing local fracturing or 
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tearing of the metal, and greatly weakeniiig the pipe (sec Fig. 180). Care must 
be taken not to cut too near a coupling. If a hole is punched through a coupling, 
there is danger of the pipe parting or collapsing. An accurate casing record is 
essential in determining at what depths to perforate. 



{Afitr E JF. WaQU in U S B Mims Tech, Paper 247). 
Fig. 179.— Pit )0 perforated in the wtdl with Star type of perforator. 

A, imperfect and Ji, properly cut perforations. 


While most manufacturers of casing perforators contend that their machines are 
universally positive and reliable in action, some of the best types occasionally fail to 
accomplish their intended purpose. In some instances, casings drawn from wells 
have been found to have been merely dented by the perforating machine, or only 



{After E W' Wagy in U S B Mines Te^h. Paper 247) 

Fig. 180.“ (’assing damaged by double applieatioii of perforator (sec pipe marked A). 

partially perforated. Operators have thus been led to believe that their wells were 
small producers or barren, whereas if the casing had been properly perforated they 
would have been good producers. I’erforators are also occasionally responsible for 
ripping or splitting of the casing, a scries of misplaced perforations sometimes so 
weakening the pii^e that it collapses or parts in the well. 
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Shop perforated pipe is usually .prepared in the shop with the aid of 
the drill press, boring round holes which may range from % in. to % in. 
in diameter, depending upon the nature of the oil sand and the type of 
screen to be used. The holes arc bored in longitudinal rows, 30, 45, or 60 
deg. apart on the circumference of the pipe {i,e, 6, 9 or 12 rows), with the 
holes 4 or 6 in. apart and staggered in alternate rows (see Fig. 181). The 



{After E. [V, Wagy in If. S. B. Mines Tech Paver 247). 
FiG.[l81.““Shop perforated, sciecn- wrapped pipe, showing clogging of screens after removal 

from well. 

rows of holes extend over a hmgth of pipe equivalent to the thickness of 
the oil sand. The number of holes and their spacing will depend upon 
the size of the pipe, care being taken to avoid undue weakening of the 
metal so that there is danger of it parting or collapsing in the well. 

Liners or oil strings are sometimes made up of oxyacetylene welded 
pipe, and inserted joint casing is also occasionally used. The projecting 
collars of ordinary collared joint casing are often particularly troublesome 
in unconsolidated sands containing oil. Nevertheless, this latter type 
of casing is generally preferred to the inserted joint because of its greater 
strength. Inserted joint casing must be perforated in the shop, since 
it is too weak to withstand the action of a perforating machine in the 
well. 

Some operators prefer a slot-shaped opening to the round holes 
formed by the twist drill, claiming that the former allows less sand to 
pass than the latter. Slots may be cut with a planer or shaper, or with 
the oxyacetylene torch. Drops of molten metal forming on the inside 
of the pipe as a result of the use of the torch are sometimes detrimental to 
swabbing and other like operations. Narrow slots are usually preferred, 
but it is scarcely practicable to cut them less than in. wide, and they 
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are occasionally as wide as in. The length of the slots is usually 2 or 
3 in., and they are aligned in rows with the longer dimensions parallel 
with the axis of the pipe (sec Fig. 182). The Layne and Bowler shutter 
pipe* and the “Emsco”f screen pipe are varieties of slotted pipe 
in which the slots are punched or cut with special tools in the shop. 
The slots are in this case horizontal. Punching slots in this way causes 



(After E Waov in V S Ti Mines Tech. Paper 247). 
Fia. 182.- - Slotted pipe. 


considerable bulging of the pipe, but the manufacturers claim that the 
shutter opening, which is inclined upward, is mon^ effective in excluding 
running sands. 

Screens used on perforated pipe arc of two general types: first, a 
variety made by wrapping closely spaced coils of wire about the pipe 
over the perforations, and second, the so-called button screen, in which 
the screen is cast in a small metal disc which is either pressed and swaged 
or screwed into a circular perforation. The button type represents a 
more recent development, and in the California fields has largely dis- 
placed the wire-wrapped type of screen.'* 

In the construction of the wire- wrapped type of screen, the perforated 
pipe is placed in a lathe and the wire wrapped on as the pipe revolves. 
The size of wire to select and the spacing of coils depend upon the size 
of sand particles to be excluded and the gravity of the oil. Kound wire 
was formerly used, but inasmuch as coils of round wire form wedge- 
shaped spaces which are readily clogged by accumulated sand, efforts 
have been made to design screens of angular wires, so placed that a smooth 

* Manufactured by Layne & Bowler Co., Los Angeles, Cal. 
t Manufactured by E. M. Smith Co., Los Angeles. 
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exterior surface is presented with, the smallest screen opening on the 
outer surface. This insures any sand grain that can penetrate the outer 
opening a free passage through the screen and prevents clogging. 
Patented screens using wire of angular cross-section are illustrated in 
Fig. 183. 



(«) (Jy) (r) {(1) 

{After E. W Wagu U S D Mines Tech Paper 247). 

Fio. 183. — Tyiics of screen pipe. 

a, Layno and Bowler button typo with shutter openings , h, Layne and Bowler keystone wire- 
wrapped screen; c, Oetty screen; d, Stuncliff screen. 

Two well-known types of button screen arc widely used in the Cali- 
fornia fields: the McEvoy screen and the Layne and Bowler* screen. 
The McEvoyt button is screened with four thin strijis of flat-surfaced 
metal, forming slots which parallel the axis of the pipe (see Fig. 184). 
The discs, which are of brass, are inserted in the pipe perforations under 
a pressure of 1,000 lb. per square inch, and arc held in place by swaging 
the outer edge of each hole against a shoulder on the disc. The manu- 
facturers claim that the vertical openings, which are flush with the outer 
surface of the pipe, do not become damaged or clogged by contact with 
the walls of the well while the pipe is being lowered into position. The 
Layne and Bowler screen is equipped with brass discs about IJ^ in. in 
diameter, which arc screwed into holes ^Irilled and tapped in the casing 
at intervals of about 6 in. The discs are of the same thickness as the 
pipe, and are flush with the inner and outc^r surfaces when screwed into 
position. Two forms of screen openings are available in the Layne and 
Bowler button: the keystone form (similar to that illustrated in Fig. 
184) and a shutter^' slot inclined upwards. The slots are in this case 
horizontal (see Fig. 183). 

•Manufactured by Layne & Bowler Co., Los Angeles, Cal. 

t Manufactured by McEvoy Wireless Strainer Co., Los Angelos, Cal. 
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There has been considerable c^scussion and experimentation in 
attempting to determine the best size and form of screen opening. The 
shutter form is apparently correct in principle if the sand tends to enter 
simply by caving or falling about the pipe. The angle of repose of the 
sand and the thickness of the metal forming the slotted openings would 
determine the effectiveness of ordinary forms if the sand rolls through 



Fig, 184. — Typos of screen pipe. 

A and C, McEvoy wireless well strainer; 1i and D, Laync and Howler, “Skrutitc” button screen; 
E, Layne and Bowler wire-wound screen 

the openings by gravity. It seems probable, however, that in most 
cases the sand grains are actually suspended in the oil, perhaps under the 
influence of gas and hydrostatic pressure. If such is the case, the sand 
grains would flow with the oil, quite independently of its natural angle 
of repose, and the form of the opening becomes of little or no importance. 
The size of screen opening must be proportioned to the average size of 
the sand grains which are to be excluded. If no water is present, the oil 
well pump is able to handle a considerable amount of sand without 
abnormal wear or loss of efficiency, and usually no effort is made to 
exclude the very fine sands which enter through any kind of screen that 
will admit a viscous oil. The screen openings should not be so fine as 
entirely to exclude the finer sands, otherwise they will clog about the 
screen openings and retard the flow of oil into the well. On the contrary 
they should be of such size that application of a swab will draw much 
of the accumulated loose material into the casing, so that it can be 
bailed out and the perforations and screens thus cleared. No rules can 
be laid down for the selection of a type and size of screen that will meet 
all conditions. Usually in each field or locality, the different available 
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screens must be tried under competitive conditions, and the one selected 
which gives the best results. 

It is important that the screens be made of a material resistant to 
corrosion by acid or alkaline waters, with which they are often in contact. 
Brass and galvanized iron are the metals commonly used. In addition 
to resistance against corrosion, the material selected should resist the 
cutting or scouring action of fine sand, which is sometimes carried through 
the perforations* under high gas and oil pressures. In high-pressure 
flowing wells, it is advisable to protect the well equipment by maintaining 
some back pressure by restricting the outlet, thus holding back the sand 
and minimizing its scouring action. 

The operator must decide for himself whether or not screens are 
necessary or desirable. In many cases perforated pipe without screens 
will exclude sand sufficiently well, and will offer less resistance to the 
passage of oil. In some fields it is necessary to allow sand to enter with 
the oil to maintain the maximum production. In most cases, however, 
screens will be desirable in order to prevent sand from entering, with 
consequent increased expense due to the necessity of lifting it to the 
surface, and to wear on the pump parts, and to the necessity of separating 
it from the oil after reaching the surface. Furthermore, removal of 
large quantities of sand from about the well causes caving of overlying 
strata, which may collapse or bend the pipe, or which may permit water 
to enter the oil sand from an overlying water zone. 

Methods of Setting Screen Pipe. — Bearing in mind the purpose of 
screen pipe and the weakening effect suffered by the metal as a result 
of the boring, cutting or punching of numerous holes, it is apparent that 
the liner must be so handled in the well as to avoid placing undue strain 
upon it, or great external friction which might displace the wire screening. 
Also, the screen openings must be left iron from mud, sand or other 
material which might prevent the passage of oil through them.^ It is 
advisable to completely wash all mud from the lower portion of the well 
before attempting to set screened pipe. 

If the wall rocks are firm and free from mud, it may be possible to 
withdraw the oil string, place the proper amount of screen pipe on the 
lower end and lower it again without danger of the walls caving about the 
screen pipe as it is introduced. In loosely cemented sands, however, a 
method must be adopted which will prevent contact of the screen pipe 
with the walls of the well until it is in place. This is accomplished 
by inserting the screen pipe as a liner which must be small enough in 
outside diameter to pass within the oil string which penetrates the oil 
sand. The screen pipe liner is plugged at the lower end, and is lowered on 
a column of 2 or 3-in. tubing connected with the screen pipe by a casing 
adapter and a left-handed swaged nipple. The screen pipe liner|is 
lowered until it rests on bottom, and the oil string is then raised until its 
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shoe is 10 or 12 ft. below the casing adapter 
on the Uner. The tubing is then turned 
clockwise, unscrewing the joint at the left- 
handed swaged nipple, leaving the liner in the 
well with the adapter on top to serve as a guide 
for tubing or tools, which must subsequently 
be lowered into it. The walls usually close 
about the liner sufficiently, after the oil string 
is raised, to prevent the screen pipe from turn- 
ing as the tubing is detached. 

Occasionally the oil string will become 
frozen, so that it is impossible to raise it in 
this way. It is then necessary to perforate it 
in the well so that oil may pass, a liner of screen 
pipe being subsequently set inside if passage of 
sand through the perforations becomes serious. 

Some operators float the screen pipe into 
position, simply plugging the lower end of the 
liner, filling the oil string with water and 
allowing the screen pipe to sink to bottom 
under the influence of gravity. The water 
usually checks the descent of the screen pipe 
so that it does not s('ttlc rapidly (mough to 
cause damage to the pipe or screens. After 
the liner reaches bottom, the oil string is raised 
until the perforated pipe is exposed to the oil 
sand. 

“Drilling in” with Shop-perforated Pipe. — If the 
position and thickness of the oil-producing stratum arc 
definitely known, as is usually the case in a partially 
developed field, the proper length of shop-perforated 
pipe may be placed on the bottom of the oil string 
just before the oil sand is penetrated.^ This obviates 
the necessity of removing tlie oil string after the 
hole is comi^leted, an advantage in unconsolidated oil 
sands, which often tend to cave or heave when the 
casing is withdrawn, or which may freeze about the 
pipe so that withdrawal is impossible. 

Use of Wash Pipe in Setting Screen Pipe. — If mud- 
laden fluid has been used in the well, as in rotary drill- 
ing, or if for any reason mud has settled to the bottom, 
it will be necessary to wash the mud from the oil sand 
in order that it may not interfere with production; 
but in doing so, there is danger of the sand caving 



{After E. W. Waou in V. S. B. Mines 
Tech. Paper 247). 

Fia. 185. — Wash pipe for sett- 
ing screen in rotary drilled well, 
permitting recovery of upper 
part of oil string. 

A, wash-pipe coupling; J?, steel 
ring; C, wash pipe; D, outside casing; 
E, back-off nipple with right and left 
thread; F/ lead seal; Q. left-hand 
thread; H, casing shoe: I, lead seal 
coupling with right and left thread; 
J, screen pipe; K, wash-pipe coupling; 
L, wooden wash plug; M, coupling; AT, 
buck-pressure valve; 0, short nipple; 
and P, casing shoe. 


into the open hole before iho screen pipe can be inserted. In order to avoid 


this difficulty and still clear the sand pores of mud, it is customary to resort to the 


use of awash pipe.^ This is a tube of smaller diameter than the oil string — ^usually 
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2 or 3 in. — ^which extends through the perforated portion of the string and is packed 
off at its upper and lower ends, above* and below the perforations (see Fig. 186)* 
The wash pipe serves merely to conduct water through the perforated pipe so that' it 
reaches the bottom of the oil string without escaping through the perforations. If 
rotary equipment is in use, the oil string is often equipped with a rotary shoe or 
fishtail bit to aid the pipe in cutting its way through the clay which has settled and 
accumulated in the bottom. The packing device at the lower end of the wash pipe 
is sometimes provided with a back-pressure valve which prevents heaving sand from 
forcing its way up, inside of the casing. 

The oil string, with the screen pipe and wash pipe in proper position in the 
column, is lowered until the shoe is a few feet off bottom, pumping water through the 
upper casing and wash pipe to aid in clearing away the mud while the casing is being 
lowered. When the shoe is but a few feet off bottom, prolonged circulation down 
through the wash pipe and back to the surface, through the annular space about the 
pipe, will gradually remove the mud until the sand faces are clear. When the circulat- 
ing fluid ceases to bring mud to the surface, a string of tubing is lowered into the casing, 
screwed into the collar on the upper end of the wash pipe, and the latter is slowly 
withdrawn. As the wash pipe is raised through the perforated pipe, water is con- 
tinuously circulated through it in order to clear the perforations of accumulated clay 
and sand. This hydraulic pressure also aids in removing the wash pipe if sand has 
settled tightly about it. If there is no necessity for clearing the perforations and 
hydraulic pressure is not necessary to aid in lifting the wash pipe, it may be removed 
with the aid of a tubing spear run on a wire cable instead of using tubing as suggested 
above. 

Special patented forms of wash rings, for use as packers about wash pipe, make 
use of babbitt or lead seals or glands packed with hydraulic packing. These arc more 
effective and reliable in action than the simple disc packers illustrated in Fig. 185, 
but serve a similar purpose. 

Plugging the Bottom. — To prevent sand and water from entering the 
space within the oil string, it is customary to plug the lower end of it with 
a wooden, lead or cast-iron ‘‘heaving plug.^’ The various forms of plugs 
have already been adequately described in connection with cementing 
operations in Chap. IX. 

Swabbing to Clear Perforations, Screens and Sand Pores. — The 

method adopted for placing the oil string or liner often leaves the perfora- 
tions or screens clogged with clay or sand. It often happens also, unless 
the mud can be washed from the well by circulating clear water, that the 
walls will be plastered with clay and the rock pores clogged so that oil 
does not flow freely. In such cases the application of a swab will usually 
remedy the condition by drawing the mud into the casing so that it can 
be bailed out. 

The swab (see Fig. 186) is a rubber-faced hollow cylinder with a pin 
joint at the upper end to connect with the drilling tools, and on the lower 
end is placed a check valve opening upward. The steel body of the tool 
is constructed of perforated tubing, the fluid having access to the inside of 
the rubber cylinder through the perforations. The rubber sleeve can be 
expanded to fit snugly within the casing by compressing it longitudinally. 
This is accomplished by tightening the pipe coupling on the lower end, 
against the metal ring which supports the rubber cylinder. 
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The swab is lowered slowly to the bottom of the well on the drilling 
cable, the well fluid lifting the check valve, passing up through the inner 
tube and into the space above, through holes drilled in the wrench squares. 
On reaching bottom, power is applied and the swab is rapidly pulled out of 
the well. The check valve prevents the well fluid from again passing 
through the swab, and it is pushed ahead of the latter to the surface. 
The rubber cylinder is only slightly smaller than the inner diameter of 
the casing, and when the fluid pressure is brought to»bear against the 



A B \ C D 


Fia. 186 - -Types of swabs. 

A, ‘Tdeal’’ swab; B, Ucam swab with unloadcr; C, Klinp swab with plunger valve; />, Hooter’s 
swab. 

inner surface of the rubber (through the perforated supporting pipe), it 
is expanded until it presses firmly against the casing, effectively prevent- 
ing leakage of fluid around the cylinder. Because of the small clearance 
between the rubber and the pipe, it is important that the inner surface of 
the casing be free from indentations and blisters; otherwise the rubber 
cylinder will be rapidly destroyed and there will be considerable resistance 
to movement. 

In addition to providing a means of rapidly and effectively removing 
all fluid from the well, application of the swab creates a partial vacuum 
within the casing, which draws oil, loose sand and clay through the 
perforations. The perforations and screens are thus cleared of obstruc- 
tions and a flow of oil into the well is established. After the swab has 
been removed, the bailer is lowered to remove sand and mud which has 
been drawn through the perforations. 

It is important in operating the swab not to trap more fluid above it 
than the power is able to lift or than the swab is designed to support. An 
improved type of swab is equipped with a valve combining the principles 
of a vertical check valve and a pop safety valve, which automatically 
releases any excess fluid beyond that for which the valve is set. 
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I “Shooting” fob Pkoduction 

• 

The use of explosives in stimulating production is widely practiced in 
regions where the producing strata are hard, close-grained rocks which 
offer unusual resistance to the flow of oil into the well. Limestones are 
characteristic of this class, and are usually shot with a charge of nitro- 
glycerin, blasting gelatin or dynamite as soon as the well is completed, 
to open channels through the reservoir rock and to stimulate the flow. 

4 Nitroglycerin, which is the explosive generally employed for this 
purpose, is charged into long, tinned, sheet-iron cylindrical containers 
called torpedoes” or ‘^shells.” From 5 to 300 qt. of explosive arc used, 
depending on the nature and thickness of the stratum to be shattered. 
The shells are usually about 1 in. smaller in diameter than the casing 
through which they arc to be lowered, and vary in length according to the 
capacity desired. Capacities are commonly 10, 20 or 30 qt., and as many 
shells will be used in the ^^shot” as may be necessary to make up the total 
quantity of nitroglycerin considered necessary. The shot is customarily 
submerged in from 100 to 200 ft. of water to serve as “tamping” for the 
charge. This causes the explosive to expend its energy laterally and 
downward instead of upward. The well casing should ))e drawn up above 
the level of the well fluid if possible. The casing is occasionally ruptured 
at the fluid surface unless this is done. 

The upper end of each shell is equipped with a bail by means of which 
it is suspended from a hook on the end of a stf^cl or taried manila torpedo 
line, which serves to lower it from the surface to the desired point in the 
well. This line is carried over a small pulley, supported in a stationary 
position a few feet over the mouth of the well, and is wound on a special 
reel which is customarily attached to the flywheel of the engine, though 
it is also equipped with a crank and supports so that it may be mounted 
separately and operated by hand. The hook on the end of the torpedo 
line which supports the shell is so designed that on lowering it slightly 
after the shell rests on bottom, the hook is detached from the torpedo 
bail so that it can be withdrawn, leaving the shell in the well. 

The shells are ordinarily filled while suspended in the well, so that 
the upper end is at a convenient level for pouring in the glycerin from 
the 10-qt. cans in which it is shipped from the manufacturers. After 
filling, the shell is washed off with water to remove any drops of glycerin 
that may have splashed out of the container. 

Ordinarily the well will have been driiled entirely through the oil- 
bearing stratum or zone, and to a slight depth below into the underlying 
formations. Since the shot is generally confined to the space within the 
well immediately opposite the oil stratum, it will be necessary to support 
the first shell lowered, at the proper distance off bottom, so that the 
charge will not extend below the oil zone. In order to accomplish this, 
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the first shell placed in the well will have attached to its lower end an 
''anchor” of proper length, composed of tubing about in. in diameter. 
When the first shell has been lowered until the anchor rests on bottom, 
other shells are loaded and lowered successively so that they rest end to 
end on the first shell. If the shells are much smaller in diameter than 




Fio. 187. — Impaot de- 
tonating dovico for u.se 
with “go-de^’il.” 



iAfter W. ri. Jeffery), {After W. H, Jeffery). 

Fia. 188 Illustrat- Fia. 189.— Jack Fiq. 190.— Burn- 
ing u.s(; of torpedo in squib. per squib. ^ 

“sliooting” oil-bear- 
ing foiinations. 


the hole, each should be equipped with a disc at the upper end nearly 
as large in diameter as the casing, to prevent two shells from being placed 
side by side in the well instea<l of end to end (see Fig. 187). 

The uppermost shell is often equipped with a detonating device 
consisting of a sheet metal disc of about the same diameter as the shell, 
supported in a horizontal position by a vertical firing pin, which bears 
upon a fulminate of mercury blasting cap® (see Fig. 188). A common 
method of firing the charge is to drop a "go-devil,” a short bar of cast 
iron, from the surface, striking the disc and detonating the fulminate 
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^ cap. An alternative method of firing involves the use of a “squib,” of 
which there are several types. Fig. 189 illustrates a “jack” squib, 
which consists of a double-walled tin shell, 2 in. in diameter and from 3 
to 5 ft. in length, and containing half a pint of nitroglycerin or a stick of 
dynamite. Several feet of waterproof fuse, with a fulminate of mercury 
cap at the lower end, are wrapped about the tube containing the explosive. 
The end of the fyse projecting from the upper end of the squib is ignited 
and the device is dropped into the well on top of the charge. The length 
of fuse must be varied to correspond with the depth of the hole and the 
depth of well fluid on top of the charge, but varies from 2 to 10 ft. Other 
types of squibs not so commonly used as the jack squib, are the “line” 
squib and the “bumper” squib. The former consists of a short shell 
weighted so that it will sink freely through the well fluid, and equipped 
with a firing head and three percussion caps. The line squib is lowered on 
a wire until it rests on the charge, and a nipple or short length of pipe is 
dropped over the wire to fire the squib. The “ bumper” squib consists of 
a small shell filled with nitroglycerin and equipped with a firing head and 
pin and a percussion cap. A 4-ft. length of 2-in. pipe is attached to the 
top of the squib in such a way that the firing head is exposed in the lower 
end of it (see Fig. 190). The wire on which the squib is lowered into 
position passes freely through the bail on the upper end of the pipe, 
and a heavy weight, such as a sash weight, is fastened on the end of the 
line below the bail. As the squib is lowered, the sash weight supports 
the bail, but when the squib comes to rest on the charge, release of 
tension in the line at the surface permits the sash weight to descend, 
striking the firing head and detonating the charge. 

Many operators prefer to fire explosives electrically, and for this 
purpose the last shell lowered is equipped with an electric blasting cap, 
and is lowered on the sand line to which is bound an insulated copper 
wire. When all is in readiness, a blasting machine at the surface sends 
a current of electricity down through the copper wire and fires the charge. 
This method of firing is preferred in cases where the walls of the well tend 
to cave. The casing is customarily drawn up several hundred feet above 
the explosive after the shells are in position, and if the walls cave the 
charge may be covered with mud or debris so that a go-devil or squib 
cannot reach it. With electric firing, unless the wire is broken, the 
charge may be fired even though the walls do cave. 

Occasionally when the well does not extend below the oil-producing 
stratum, the metal containers for the explosive are dispensed with. The 
nitroglycerin is in this case lowered in a specially designed container 
resembling a dump bailer (see page 270), which permits the explosive to 
flow out into the well when it reaches bottom. Successive trips are 
made until the hole is filled with the glycerin up to the top of the oil zone, 
and the charge is then fired with a squib. 
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Because of the sensitive character^ of nitroglycerin, every precaution 
must be taken in handling it to prevent accidental explosion. It should 
not be transported in leaky cans. Undue friction and jarring of the 
containers should be avoided. The empty cans should be disposed of. 
Loading and firing of nitroglycerin are customarily done by skilled ^^well 
shooters’^ who undertake full responsibility for the work on a contract 
basis. The average cost of such work in the fields of Ohio, Illinois and 
Indiana is about $3 per quart. 

Special care must be taken in placing the shot so that it does not* 
damage the casing and other well equipment. Accurate depth measure- 
ments are necessary in order to place the charge at just the proper point 
in the well, otherwise the cap rock overlying the oil zone may be frac- 
tured, permitting oil and gas to escape or water to enter the oil bearing 
rocks. The line on which the explosive is lowered should be flagged 
or marked a hundred feet or so above its lower end, and on drawing the 
line out of the well after lowering a shell, the lower end below the flag 
should be hoisted out slowly. Occasionally the torpedo line hook does 
not disengage itself from the torpedo bail, and if the shell is hoisted back 
to the surface and permitted to strike the line pull(‘y over the well, a 
disastrous explosion might result. 

Nitroglycerin fr(»e from excess acid will not explode at temperatures 
normally encountered in oil wells, but slow decomposition results at 
temperatures above 140°F., and in some deep wells the explosive appar- 
ently undergoes decomposition and explodes spontaneously after a 
period of from 2 to 100 hr. In the deep territory of the Ranger field, 
shots are customarily allowed to explode in this way without the aid of 
detonating devices. 

A powerful shot of nitroglycerin exploded in a well probably results in 
the formation of a large cavity, with fractures extending out in all direc- 
tions. Expansion of the gases of explosion causes a rush of fluid, mud 
or dust and rock fragments from the well, which is often accompanied 
or follov ed by a flow of oil and gas. Due to the restricted diameter of 
the well, there is a surprising delay in th(‘ effect of the explosion at the 
surface after the charge is fired. In a deep well, vibration of the casing 
gives warning of the explosion many seconds before the rush of gas reaches 
the surface and before Ihe sound is heard. In expectation ol a shower of 
water, oil, gas and debris from the well, the rig should be in the sole 
possession of the shooter when the charge is fired, and^ he must seek a 
place of safety as promptly as possible thereafter. 

Additional data on well shooting will be found in Chap. VIII. 
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CHAPTER XII 


PRODUCTION METHODS; REMOVAL OF OIL FROM WELLS 

In the preceding chapters, methods and equipment used in drilling 
the well and preparing it for production have been described. The 
present chapter and the next will deal with the problems of production or 
extraction of the oil and gas. 

Assuming that the well has been properly finished in a productive oil 
sand, oil enters and accumulates within it by reason of the difference 
in pressure between the reservoir rock and the space within the well. 
Oil will continue to enter, and the fluid level will rise in the well, until the 
fluid pressure is equivalent to the reservoir pressure; then no more oil 
enters unless some is removed from the well. The level to which the oil 
rises has an important bewaring upon the method of extraction employed. 
In some cases it rises until it overflows at the surface, in which case no 
mechanical pumping device is necessary. As described in the preceding 
chapter, the pressure behind the oil is sometimes so great that it is thrown 
high into the air above the casing head. The presence of gas in or 
associated with the oil is usually an important factor in causing natural 
flow. If gas is present in quantity, it is dissolved in or occluded in the 
oil, so that the oil density is materially reduced and a higher fluid level in 
the well is nccessar}^ to offset the pressure within the reservoir rock. 
Larger volumes of high-pr(*ssure gas flowing from the producing sand 
may lift the entire superimposed column of oil to the surface in its effort 
to expand and escape from the well. The action of gas in the latter case is 
comparable with that of st(‘am in producing intermittent flow of water 
from geysers. 

Pioneer wells in virgin territory often ''come in'^ as gushers, 
and during the early period of development fluid levels are customarily 
high, so that flowing wells are common. As development proceeds, 
however, and the field prc'ssurc declines, initial productions of new wells 
become smaller and fluid levels subside. Eventually gas pressure 
beconu's almost negligible in its effect upon fluid levels, and continued 
pumping will depress the level of oil within the wells below the top of the 
productive stratum, so that gravity becomes a factor in drainage of oil 
from the reservoir rock. 

Flowing Wells. — Problems encountered in the control of high-pressure 
flowing wells have been adequa<.(‘ly discussed in Chap. X, and the massive 
valves provided for such wells were described in some detail. High-pres- 
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sure wells may continue to flow {or months, the lead lines carrying the 
oil directly into storage with practically no expense involved, other than 
occasional repair or replacement of valves and well fittings. 

In the case of flowing wells producing from loosely consolidated sands, 
it is often necessary to restrict the flow somewhat in order to prevent 
“ heaving'’ of loose sand into the well with the oil. This may be done by 
partially closing a valve on the lead line; it may be accomplished by 
passing the oil kncl gas through a trap which places “backpressure" on 



Fig. 19l.--“Arranj?emeiit of flow nipple for hold- Fig. 192. —Adjustable flow nipple, 
ing bark pressure on a flowing well. 


the well (see Chap. XVI); or a restriction or “flow nipple" may be 
placed in the lead line (see Fig. 191). In the initial stages of production 
of high-pressure wells in certain fields, it is customary to use flow nipples 
as small as in. in diameter, pressure within the well being thereby 
maintained several hundred pounds above atmospheric pressure. As the 
pressure declines and sand displays less tendency to flow into the well, 
the flow nipples are gradually increased in diameter until the full size of 
the lead line with no back pressure is attained. A patented type of flow 
nipple, in which the size of the opening through which the oil must flow 
is variable and adjustable, is illustrated in Fig. 192. 

Wells frequently flow “by heads," that is, they produce inter- 
mittently, short periods of flow alternating with brief periods of 
quiescence. This action is due to the gradual accumulation of gas in the 
bottom of the well. When sufficient gas has formed, the entire column 
of oil above is forced out of the well, followed by a period of “blowing," 
marking the escape of the libe;’ated gas. More oil enters the well, estab- 
lishing equilibrium with the pressure in the sand. Then follows a period 
during which gas again accumulates until the flow is repeated. 

Eventually in the history of every flowing well, there comes a time 
when the gas pressure and volume is insufficient to cause natural flow. 
The fluid level within the well may still be high, however — perhaps within 
a short distance of the surface. There follows an intervening period 
before mechanical pumping of the well is necessary, in which the forces 
are about evenly balanced, flow occurring intermittently. At this 
stage it is usually possible to induce flow, and thus continue for a time the 
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production of oil without the necessity pf pumping. This may be accom- 
plished by agitation of the oil or by restricting the diameter of the tubing 
through which the oil is produced. 

Gas has less opportunity to rise through oil in a pipe of small cross- 
section than it has in pipes of large size. Hence, in a small pipe, the gas 
present in the oil is more effective in causing movement. Assuming 
that the amount of gas produced by the well remains constant, it is clear 
that when mixed with the oil it would occupy a larger proportion of the 
space within a small pipe than in a large one, and the weight of the* 
column of fluid is correspondingly less. For the same reason oil often 
flows through the annular space between two strings of pipe when it will 
not flow through either pipe alone. 

Agitation of oil in the well has the effect of liberating occluded and 
dissolved gas which accumulates in large enough quantities to induce 
flow. Agitation may be accomplished by hoisting and lowering the bailer 
through accumulated oil in the well, or an “agitating string^' consisting of 
a column of 2- or 3-in. tubing may be raised and lowe^red through the 
accumulated oil in the well. In some localities it is customary to agitate 
the oil periodically — usually daily — agitation causing flow of all or most 
of the oil that accumulates in the well. In the Sunset field of California, 
wells have been operated for years after natural flow has ceased, by this 
method, at a cost materially lower than would be incurred in operating 
pumps. In this field, the large quantity of fine sand produced with the 
oil, and its destructive effect upon any mechanical pumping device, is 
also an important factor in necessitating the use of methods for inducing 
intermittent flow. 

In some fields, explosives are used to induce flow, wells being 
periodically “shot” with nitroglycerin or dynamite, after which a flow of 
oil lasting for several days or weeks, will occur. The use of explosives 
for this purpose and their manner of application have been adequately 
discussed in Chap. XI. 

Extraction of Oil from Wklls by Mechanical Means 

When wells may no longer be induced to flow, it becomes necessary to 
apply mechanical methods for accomplishing removal of the oil. These 
include bailing methods, swabbing methods and pumping methods. The 
latter include pumping with the oil well plunger pump in;ts various forms, 
and pumping with the air lift. 

Extraction of Oil by Bailing. — In some regions, notably in the oil fields 
of Russia, Galicia and Roumania, it is customary to remove oil from the 
wells with the aid of dart valve bailers, somewhat similar to those used in 
connection with cable drilling. The method is seldom used, except 
temporarily, in American practice. Where the bailing process is used by 
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preference, the wells are usually erf large diameter and produce consider- 
able quantities of sand along with the oil. 

The bailers employed for production purposes vary in diameter from 
6 to 14 in., and range from 10 to 60 ft. in length, depending upon the 
diameter of the well. The greater lengths are used only to give added 
capacity. They arc usually made of riveted sheet steel with soldered 
joints, and a steel bar about % in. in diameter extends between cross-bars 
placed near the top and bottom, to prevent the bailer from pulling apart 
* when subjected to unusual strain. The upper and lower ends are some- 
times slightly tapered to protect the bail and the foot pie(;e containing 
the valve from damage by catching on obstructions in the well. For use 
in crooked holes, a flcxiblc-jointcd type of bailer has been devised.® 

When the bailer is used for extracting oil, it is in motion practically 
continuously, so that the type of sand reel ordinarily used on the cable 
drilling rig is inadequate on account of its small size and the tendency of 
the bearings to overheat. (Consequently, a special bailing drum, varying 
in diameter from 3 to 5 ft., has boon developed. This is operated V)y a 
belt drive direct from the engine pulley, a tight-and-loose pulley on the 
hoisting drum shaft making it possible to readily aj)j)ly or disconnect the 
power by shifting the belt. With such ('quipiiK'iit, it is possible to hoist 
the bailer filled with oil at a speed of from 1,000 to 1,500 ft. per minute 
with an expenditure of from 30 to 50 hp., depending upon the size of 
bailer used and the quantity of water and sand to be handled. A cruci- 
ble steel wire bailing cable, % in. or in. in diameter, is commonly 
employed. Due to constant abrasion on the walls of the w(dl and casing, 
the cable has a short life. 

Considerable skill is necessary on the part of the operator in manipu- 
lating the bailer, when the well produces gas or sand along with the oil. 
Agitation of the oil with the bailer will often liberate gas which causes 
the well to flow while the bailer is in the well. At such times the bailer 
and its cable may be violently ejected. Unless precautions are taken to 
keep the bailer in motion, there is also danger of its being buried in the 
well by a sudden flow of sand. Care must be taken to sla(;ken the speed 
of hoisting or descent, when the bailer is leaving or entering the fluid in 
the well; otherwise severe torsional strain is thrown upon the cable by 
the sudden change in tension. If the', oil contains much gas, bailing 
may become diflScult, because expansion of the gas ejcuits most of the 
oil from the bailer before it reaches the surface. Because of this, the 
bailer often reaches the surface containing only about one-tenth of its 
capacity of oil. 

Automatic Bailer for Oil Recovery.* — An electrically operated automatic bailer for 
the raising of oil from wells has been developed and successfully applied on a California 

* Httguenin, E., Automatic bailer for oil recovery, Summary of Operations, 
California Oil Fields, vol. 7, no. 9, Mar., 1922. Seventh Annual Report of the California 
State Oil and Gas Supervisor, 
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property, in a well that produces too much sand for economic operation with the 
plunger pump. A scow-bottom sand pump, So ft. long, holding about 1 bbl. of oil, is 
used as the bailer, which is hoisted from and lowered into the well by an electric motor, 
equipped in much the same way as an automatic elevator. Upon emerging from the 
well, the bailer passes into an iron cage attached to the casing head, which lifts the 
bailer valve and discharges its oil into a tank. The bailer travels at a rate of 300 ft. 
per minute, and a round trip of the bailer is made in 7J^ min. when bailing from a 
depth of about 1,000 ft. Automatic delay switches allow a period of rest of ^ min. 
at the bottom of the well, and min. at the top for the oil to drajn from the bailer. 
By this device the expense of frequent pulling and replacing of tubing and rods is 
avoided, and the bailer is said to have a swabbing effect which aids in keeping the * 
perforations open. As a result, the daily production of the well has increased from 12 
to 60 bbl. The apparatus is considered impractical for deep wells of large production. 

Extraction of Oil from Wells by Swabbing. — In wells producing too 
small a quantity of oil to justify continuous operation of a pumping 
device, swabbing is sometimes resorted to as a means of extracting the 
oil. The swab has already been adequately described (see page 330). 
Lowered through the oil to the bottom of the well, it is rapidly 
hoisted out, lifting the entire ’column of accumulated oil to the surface. 
Suction, produced by rapid removal of the swab, creates a partial vacuum 
below, which operates to draw more oil into the well so that the process 
may soon be repeated. The swab is effective in handling oil containing 
sand, though there is some danger of the swab becoming so packed with 
sand that its removal from the well is difficult. (Considerable power is 
necessary in hoisting the swab from the well, and care must be taken to 
avoid lowering it into a column of fluid to such a depth that the available 
power for lifting is iiiad(Hiuatc. Wear on the friction surfaces of the swab 
is excessive, particularly when the oil carries sand, and leakage between 
the swab and the casing may greatly reduce the efficiency of the method, 
unless the packing rings arc frequently replaced. The swab may only 
be used when the well is lined with a single, straight column of screw 
casing, free from projections on its inner surface. 


Extractioiv of Oil from Wells with the Plunger Pump 

When wells cease to flow and mechanical means must be provided 
for lifting the oil, the oil well plunger pump is generally employed. This 
is a displacement pump, simple in design and positive in action. It is 
submerged in the oil on tubing, through which the fluid is pumped to 
the surface. The column of tubing cither rests on tl^c bottom of the 
well, or it must be suspended from the casing head. 

While there arc many different variations in design, the iilunger pump 
has certain essential and characteristic parts common to all types. There 
must be two valves, each consisting of a simple steel ball resting upon a 
beveled steel, disc-shaped valve scat (see Fig. 193). The ball is enclosed 
within a cage screwed to the scat, thus preventing displacement of the 



<54^ PETROLEUM PRODUCTION ENGINEERING 

two parts. One of these valves (the “standing valve”) is mounted in a 
stationary position in the bottom of a “working barrel” of cast iron or 
steel, with polished interior surface. The second valve (or "working 
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Fig. 103. — Ball valve and seat 
for plunger pump. 
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is suspended on a column of cylindrical steel ‘‘sucker rods,” varying from 
to 1 in. in diameter, depending upon the depth of the well and 
the size of the pump, and extending down from the surface through the 
tubing. The churning or reciprocating movement of these rods gives 
the plunger and working valve the necessary motion. The relation of 
the several parts of the plunger pump is illustrated in Fig. 194. 

The form of the plunger varies considerably in different models. A 
common type consists of a seamless steel cylinder, polished on its outer 
surface, and accurately dimensioned to fit snugly within the working 
barrel. The upper end of this cylinder supports the working valve and 
its cage, which serves to connect it with the sucker rods, extending to 
the source of power at the surface. The standing valve rests in a cone- 
shaped recess in a foot piece attached to the lower end of the working 
barrel, and may be pulled up out of its recess by means of the “garbutt 
rod.” The latter connects with the cage on the standing valve, and 
extends up through a cross-bar or loose guide nut in the lower end of the 
plunger. At its upper end, the garbutt rod terminates in a nut which 
will not pass through the opening in the plunger nut or cross-bar, though 
the rod itself freely does so. The position of the plunger is so adjusted 
in the working barrel that in ordinary operation the plunger nut slides 
up and down on the garbutt rod without striking th(^ garbutt rod nut. 
Hence, the standing valve remains stationary with respect to the working 
barrel. If it is desired to remove the valves for repairs, however, drawing 
up on the sucker rods will cause the garbutt rod nut to engage the plunger 
nut, thus withdrawing both valves without the ncc^essity of disturbing 
the tubing and working barrel. The aperture through the plunger Jiut 
about the garbutt rod is amply large to pass the full amount of fluid 
admitted to the working barrel at each stroke of the plunger. 

Cycle of Operations of the Oil Well Plunger Pump. — It will be 
observed from the above generalized description of the oil well plunger 
pump, that pumping of the oil is accomplished by the churning motion 
of a plunger equipped with a moving valve, in a cylinder or working 
barrel provided at its lower end with a stationary valve. Assuming that 
the plunger has just completed its down stroke, the two valves will be 
momentarily at rest with respect to each other, and both will be closed. 
As the up stroke is in progress, a partial vacuum is created within the 
working barrel between the two valves, the standing valve is thereby 
raised from its scat, and oil is drawn into the barrel. As the plunger 
completes its up stroke and the suction effect due to its movement ceases, 
the standing valve drops back upon its seat and prevents the oil that has 
entered the barrel from flowing back into the well. On the down stroke, 
the oil within the barrel, unable to escape through the lower or standing 
valve, is put under compression and lifts the upper or working valve from 
its seat. As the plunger descends, the oil within the barrel is forced 



344 


PETROLEUM PRODUCTION ENGINEERING 


through the upper valve to the extent of its travel. On completion of 
the down stroke, the upper valve drops upon its seat, and as the plunger 
rises on the following stroke, the oil thus displaced by the working valve 
is lifted into the tubing above the working barrel. On the next and 
succeeding strokes, more oil will be forced up into the tubing until it 
overflows at the surface into the storage tanks or sumps provided. Once 
the tubing is filled with oil, as much oil is lifted to the surface with each 
stroke as enters the pump. 

Types of Oil Well Pluivger Pumps. — A variety of different forms of pumps con- 
taining the essential features described are met with in practice. Some are especially 
designed to facilitate repairs and replacement of worn pkrts. Others are said to be 
adapted to the handling of oil containing sand and gas which often cause difficulty 
in the operation of the ordinary type of pump. 

Sometimes the garbutt rod is omitted and the upper and lower valves are entirely 
separate. For shallow well service, instead of using a cylindrical steel plunger, a 
piston will be made of a valve mounted on a short metal guide, equipped with cup 
leathers or canvas, fiber or leather w'ashers (see Fig. 195). In this case the lower end 
of the piston is often cquii)pcd with a nut fitting a screw connection on the top of the 
cage of the standing valve. In ordinary operation, the piston carrying the working 
valve does not descend in the working barrel to the level of the standing valve, but 
when it is desired to remove the lower valve for repairs without withdrawing the 
tubing and barrel, the upi)er valve is lowered and turned until the threads engage, 
when the two valves are withdrawn together. The standing valve is also equipped 
with some form of packing, usually leather washers or a woven hemp packing, which 
is wedged into the conical opening of the foot piece at the lower end of the working 
barrel. The lower valve may be forced into its recess while suspended from the 
upper valve, and unscrewed from the latter without the necessity of removing the 
tubing and working barrel. 

Instead of being made as a solid casting, working barrels are .sometimes equipped 
with a replaceable seamless steel liner. This feature facilitates repair work and is 
especially adapted to use in wells where sand rapidly destroys the polished surfaces of 
the barrel and plunger. Anotlier type of working barrel is made up of short sec- 
tions, any of which may be readily rc])laced without the necessity of scrapping an 
entire barrel (see Fig. lOG). 

In some causes the standing valve is placed in a short sei)arato barrel, separated 
from the plunger barrel by a nipple of ordinary ])ipe (see Fig. 19G). This arrange^ 
ment permits of operating the pump in such a way that the idunger does not extend 
out of the w'^orking barrel at either end of its stroke, thus j)revt*nting the polished 
outer surface of the plunger from being exposed to sand or grit, and giving it a longer 
life. If the oil carries much sand, however, this arrangement of jiarts may allow 
the sand to settle in the space about the connecting niiiple, making it impossible to 
pull the standing valve when repairs are necessary. 

In some pumps the w'orking valve is jdaced in the lowt'r end of the ])limger. If 
much gas enters the pump with the oil, it will soon form a body of gas which will be 
alternately compressed and expanded between the two valves, thus preventing their 
proper action and greatly reducing the efficiency of the jiurn]). Placing the valves 
closer together, as is done when the working valve is placed in the lower end of the 
plunger, reduces this difficulty due to compression of gas to a minimum. 

The lower end of the foot piece containing the standing valve is threaded to 
receive tubing of the same diameter as that on which the pump is suspended. One 
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or more joints of tubing — frequently enough to reach to the bottom of the well — 
perforated with to holes, is customarily attached to the foot piece. A 

cap is screwed on the lower end of this tubing so that all oil reaching the standing 
valve must pass througli the perforations. This device, sometimes called a “gas 
anchor,” by admitting oil from a r)oint sufficiently below the fluid surface largely 
prevents admission of gas to the interior of the pump. Instead, the gas rises through 
the oil to the fluid surface, and to tlic well mouth through the annular space betw^een 
the casing and tubing, cscai)ing through the side outlets of the casing head. 

Valves and seats arc preferably made of hardened tool steel t^ resist wear. The 
balls are as nearly splierical in form as it is ix)ssiblc to make thorn, and tliey range from 
1 to 2\'i in. in diameder. The seats are disc-shaped, and are made reversible in orde/ 
to give maximum service. That is, the inner circular edge on either side of the disc 
is beveled where it makes contact with the steel ball. The ball and seat should be 
ground together to secure proper seating. Hard brass balls and seats arc used 
when the pump must handle corrosive ground waters, oflen associated with the oil. 

Instead of a ball, the Parker working valve is equipped with a disc-shaped 
valve mounted on a cylindrical steel stem (see Fig. 107). The sucker rods are 
attached to the screw connectioTi at the iipi)er end of the valve stem, which projects 
through the toj) of the cage casting. The valve seat is tlireaded on its outer edges 
to connect the valve cage with the pump working barrel. The valve is held in posi- 
tion on the lower end of the stem bj^ a nut. With eacdi down stroke of the pump, 
movement of the stem through tlu‘ cage' and seat causes the valve to be depressed 
with respect to the seal , until the shoulder on the upper end of the stem strikes the 
top of th(! cage. On the u]) stroke, the valve ascends and ])resses up against the 
scat with the full weight of the pump plunger suspended from the valve seat. This 
valve is positive in action and is especially recommended for pumping heavy viscous 
oil and for oil carrying sand.* 

Sucker Rods. — The connection provided bidween tlie pump plunger and the 
source of power at the surface, may be either metal or wooden rods, metal tubing 
or wire rope. lor shallow well service in some regions, round or octagonal wooden 
poles, often of ash, are nsed. These are conn(*ct('d, end to end, with metal I’traps 
riveted to tlic iiolos and coupled tog(*ther with tapered screw joints. The chief 
advantage of the wooden rods is their lightness and greatly reduced weight when 
submerged in liquid. Tlaw are much weaker than steel rods, however, and cannot 
be so easily connected. 

Sucker rods of sU;(‘l an* geiieridly jucU'rred to other types, and in deep-well pumj)- 
ing this form of power connection is universally used. These rods arc manufactured 
in 20-, and ^O-ft,. lengths, round in cross-seetion, and vary from to 1 in. in 
diameter. They are usually provid(‘d with “box and jiin” tapered screw joints, 
ranging from Js to in. in diameter, the forged and machined screw connections 
being welded on the ends of the round rods. The Axelson* upset-end sucker rod is 
equipped with a tapen*d jiin joint at each end, the rods being connected in this case 
by separate forgi'd stet*l couplings witli a tapered box joint in each end. By using 
a double joint of this tyjie, the coujiling is of larger diameter than the j)in ends of 
the rods, so that any wear wliiidi occurs is im])osed upon the coupling. This permits 
of replacement of worn parts at, minimum (;ost (sec Fig 108) 

Ilexible steel wire cable is oei^asionally used instead of rods for operating plunger 
pumps in oil well service. Through the use of the Parkersburg wire line pumping 
equipment, the enable may be kept taut and the pumj) operated as satisfactorily as 
with the less flexible metal rods (see Fig. 190). 'Phe great advantage of wire cable 
as a power connection is found in the ease and rapidity with which the plunger and 

* Manufactured by Axelson Machine Works, Los Angeles, Cal. 
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Fio. 198. — Types of suoker rod joints. Fio. 199. — Wire line pumping equipment. 
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valves can be withdrawn from the well when repairs are necessary. Metal rods must 
be unscrewed as they are withdrawn, a rafher tedious process; but the cable may 
be rapidly reeled on the bull wheel shaft or sand drum as the pump is raised. It is 
claimed that wire cable is less liable to brestkage as a result of vibration, bending 
and crystallization than a solid rod; though wear, resulting from friction on the tubing, 
is more severe in the case of cable than with rods. A coarse-laid cable, composed of 
6 strands of 7 wires each, resists abrasion more effectively than the 6 by 19 wire cables, 
and is therefore preferred for pumping service. Old drilling cable is often used for 
the purpose. A temper screw providing easy adjustment of the dable tension is used 
on the wire line outfit instead of the adjuster grip. 

The tubing on which the pump is suspended is specially made for the purpose,* 
being somewhat heavier than standard pipe, with collars longer than ordinary. The 
2-, 23^-, 3- and 4-in. sizes are commonly used, and joints average 20 ft. in length. 
The joints nearly butt within the collars, and the inside edges are slightly chamfered 
to remove burrs which would damage the polished surface of the plunger during the 
process of lowering it through the tubing into the working barrel. The tubing 
should also be round and free from dents or seams, and should be tested before it is 
placed in the well by passing through it a wooden plug, only slightly smaller in 
diameter. 

A type of tubing having upset ends is now widely employed in deep-well service. 
The extra metal is placed on the outside of the joint, and the metal left at the root of 
the threads is the full thickness of the regular tubing (see Fig. 100 and Table XXVI). 
The added strength given to the joint is of considerable value in avoiding parting of 
the column of tubing, which may occasion a tedious fishing job. 

The tubing is often suspended in the well from the surface with the aid of a *Hub- 
ing catcher’^ (see Fig. 200). This device is attached to the top joint of tubing, and 
contains slips which bear against the casing. It serves to support the working 
barrel at any distance off bott-om without the aid of an anchor, and prevents the 
tubing from falling in case surface connections at the casing head fail. 

Surface Arrangement of Pumping Equipment. — Above the casing 
head, the upper end of the tubing terminates in a stuffing box through 
which operates a polished rod of brass or steel, connecting at its lower 
end with the column of sucker rods (sec Fig. 202). A tee placed below 
the stuffing box permits oil to escape from the tubing to the oil lead line 
which carries the oil to storage. The space about the tubing within the 
casing head should be packed off to prevent escape of gas, which flows to 
the surface through the space between the casing and the tubing. The 
gas lead lines from the side outlets of the casing head connect with the 
gas gathering system. The packing rings within the stuffing box fit 
snugly about the polished rod, permitting free movement of the rod, but 
preventing escape of the oil about the rod, even though the point of 
discharge of the oil lead line is at a considerable elevation above the 
casing head. 

Power Connections. — The sucker rods are given the necessary oscil- 
lating movement in either of two ways: (1) by connecting with the end 
of the walking beam, or (2) by connecting with one corner of a triangular 
pumping ^‘jack.’^ The walking beam is customarily employed when 
the well is equipped with its own individual engine or motor, while the 
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pumping jack is used in connectioii with the multiple system of pumping, 
in which a group of wells is operated by a system of pull lines from a 
central “ power/ ^ 

When the walking beam is used as a means of applying power, the 
polished rod connecting with the sucker rods below the casing head is 



Kig. 200. — Types of Uil)ini; catchers, 
heft, Guiberson-lhcharcls tubinfi catcher, hiKlit, 
McKissick tubiiiK catcher. 



Fig. 201. — Common form of casiii>i bead. 



rubiriK i Inch Iruide Inch 

Inch Itiahic 


Fig. 202. — IJlustratiriK power connections 
for l)eam pnrnpinp. 


attached by means of an ''adjustta* grif)” to a 2-in. pipe equipped at its 
upper end with a (^ross-htaid (see Fig. 202). The pipt' passes through the 
temper screw slot in the end of the beam, and the cross-bar rests upon 
the upper edge of the beam. An adjuster board^serves as a clamp to 
prevent the cross-head from moving in the slot. The adjuster grip 
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provides a means of taking hold of the polished rod at any desired point, 
regulation of the position of the plunger in the working barrel being 
effected by this means. For deep- well pumping, the temper screw is 
often left on the beam and us(‘d in place of the 2-in. pipe and adjuster 
grip, to connect the polished rod with the beam. This provides a ready 
means of adjusting the position of the pump jdunger in the working 
barrel. 

If the well is to be oi)erated by a })iimf)ing “ jack^' with pull-line con- 
nections to some central power station, the triangular jack (see Figs. 217 
and 219) is mounted at one side of the well and the polished rod con- 
nected directly to the angle overhanging the well. When multiple 
pumping is resorted to, the rig and derrick may Ix^ removed, though they 
are often convenient in facilitating repair woik on the wells. The 
multiple system of pumping is to be described in greater detail in a later 
section of the jiresciit chapter. 

Operation of the Oil Well Plunger Pump. — Assuming that the pump is 
to be operated from th(^ walking beam, and that the rig and derrick have 
been left in position, the source of power will be either a steam engine of 
the type used for drilling purposes, a gas engine or an electric motor (sec 
(^hap. XIV). The prime movcn- is placied in the engine house and power is 
transmitted by belt to the band wheel, and through the instrumentality 
of the crank, wristpin and pitman, the walking beam imparts the neces- 
sary oscillating motion to the (jclumii of suck('r rods. 

For pumping purposes, the wristpin is usually placed in the. second or 
third hol(‘ of the crank, giving a stroke of about 18 or 24 in.; occasionally 
a stroke of 30 in. will be used for pumping, and more rarely, 36 in., 
obtained by placing the wristpin in the fourth or fifth hokis respectively. 
The speed of ))umping ranges from 15 to 35 up-and-down strokes of the 
plunger j)er minute, d(‘p(Miding upon the viscosity and d(msity of the oil, 
depth of th(‘ well, subiiK'rgence of tli(‘ puiii]), presence of water, sand or 
gas, and other variables. 

Assuming an averages pumping speed of 20 strok(*.s per minute and a 
24-in. stroke, a 3-in. pum|) with a will have a daily theoreti- 

cal capacity of about 353 bbl. p(U’ 24-hr. day; and under the same condi- 
tions a 4-in. pump with a 3? i-in. plunger will have a daily theoretical 
capacity of about 655 bbl. Although the j)umping speed and length of 
stroke upon which thc^sc calculations arc based ai^e often exceeded 
in practi(;e, when allowarujc is made for valve leakage and other ineffi- 
ciencies, it is doubtful whether the average working capacities will ever 
exceed the figures given. 

Plunger pump efficiencies are occasionally as low as 50 per cent of the 
theoretical plunger displacement. This is due in many cases to action 
of sand in preventing proper seating of the valves, or to leakage through 
the valves occasioned by wear. In the case of heavy viscous oils, the 
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pump must be operated at low speeds while well submerged, otherwise the 
oil will fail to completely fill the working barrel on the up stroke and 
the efficiency will fall off rapidly. On the other hand, gas associated with 
the oil frequently assists the pump so that efficiencies in excess of 100 
per cent will apparently be obtained. Gas pressure may lift the valves 
and cause flow through the pump and tubing to the surface, even though 
the pump is in operation. Under the influence of gas pressure, a flow of 
oil may eject ali or most of the oil from the tubing, so that a period of 
'half an hour or more — in the case of a deep well — must elapse before oil 
again begins to flow from the lead line under the influence of the pump. 
Intermittent production is thus characteristic of some pumping wells as 
well as of most flowing wells. 

There is no set rule governing the submergence of the pump but it is 
usually desirable to secure the maximum poswsible head of oil on the 
standing valve, without subjecting the pump to danger of “sandingup.^^ 
Aside from its scouring action on the moving parts of the pump, loose 
sand present in quantity in the oil tends to settle over and about the 
valves, eventually preventing their proper action. Water in association 
with the oil and sand introduces a further complication, since sand is 
much less fluid in contact with water than when suspended in pure oil. 
If the working barrel becomes clogged with sand, it is often impossible 
to withdraw the plunger and valves, and the rods and tubing must be 
pulled together — a ^^wet^^ job, since the tubing is in this case filled 
with oil, which flows over the derrick floor and casing head as each stand 
of tubing is disconnected. 

Some wells seem to produce more steadily if a moderate head of oil is 
maintained on the producing stratum, the fluid pressure so created serving 
as a stabilizing influence in restraining the flow of sand and gas. In 
other cases the well may be pumped practically dry without causing 
irregularities in operation. Only by experimenting with each individual 
well can the best combination of submergence, fluid level, length of stroke 
and pumping speed to give a maximum production, be determined. The 
operator usually finds it to his advantage to maintain uniform, continuous 
production, even though the quantity of oil raised per unit of operating 
time may be somewhat lower than is possible under conditions resulting 
in more spasmodic production. 

When the oil is pumped too fast for the normal rate of well production, 
the flow will be intermittent and the oil will rise only part way in the 
working barrel, causing the plunger to ‘‘pound” against the oil on the 
down stroke, and encouraging the formation of gas pockets. In other 
words, if the pump is operated too rapidly, power is needlessly expended 
and the pump does not operate so efficiently. 

Counterbalancing the walking beam is effective in producing a more 
uniform motion of the pumping mechanism, and results in an appreciable 
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reduction in power consumption. In deep wells the weight of the long 
column of sucker rods imposes a considerable unbalanced load on the 
well end of the beam, resulting in uneven motion of the engine, causing 
the rods to be picked up with a jerk on the up stroke, and resulting in 
extreme vibration and frequent rod breakage. Suspending a heavy 
counterbalance on the crank end of the beam largely overcomes this 
difficulty, giving a smoother pumping motion and incWentally reducing 
the consumption of power by from 8 to 22 per cent. %ie usual method 
of counterbalancing consists in suspending from the end of the beaii(} 
near the pittman, a heavy block of concrete. A guide prevents the 
counterweight from swinging as the beam oscillates. 

Reducing Wear on Pump Parts. — With the purpose of reducing and 
distributing wear on the moving parts of plunger pumps, a device known 
as the Sargent Rod and Plunger Rotor has been successfully used in 
some of the California fields. This consists of a mechanism attached 
to the polished rod and walking beam, which turns the sucker rods a 
fraction of a turn with each stroke of the beam. It is claimed that the 
use of this device greatly prolongs the life of valve seats, balls, plungers 
and liners, and that it is also effective in preventing sanding of the pump. 

The Multiple System of Pumping 

The maintenance and operation of a separate power plant at each 
well, which is necessary when pumping with the walking beam, is expen- 
sive. The horsepower of the engine or motor provided is usually greatly , 
in excess of the actual power requirement for pumping purposes, and 
consequently it operates at greatly reduced efficiency. The excess 
power may actually be used only at rare intervals when repair equipment 
is necessary. If wells are operated by individual steam engines, the trans- 
mission of steam from the boiler plant to the wells occasions further losses. 
The repair work and attention necessary for a large number of steam or 
gas engines scattered over a property is also an expense of considerable 
magnitude. 

When conditions permit, it is found to be more economical to operate 
a group of wells from one central power plant; and to accomplish this, a 
method of transmitting power from the central plant by a system of pull 
lines has been developed.* This is commonly called the “jack pumping- 
system,” a triangular pumping “jack” being erected at each well to 
translate the horizontal reciprocating movement of "the pull lines into 
the vertical reciprocating movement necessary for the operation of 
the sucker rods in the well. 

* Barnes, R., Central power and jack-pumping plants for operating oil wells, 
ThesiSf prepared under the direction of the author, May, 1917; later published in 
Western Engineering ^ 1917. 
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Multiple pumping is only feasible for comparatively shallow wells, 
being rarely employed when the wells exceed 2,500 ft. in depth. Further- 
more, the wells must be fairly steady producers and not subject to sand 
“troubles,” breakage of rods, tubing, etc., requiring frequent repairs. 
If the ground is fairly level and the wells are not more than 500 or 700 ft. 
apart, it is claimed that as many as 40 wells may be operated with pull 
lines from one central power; but in ordinary practice it is not usual to 
operate more than 25 wells in one unit, thus reducing the number that 
would be idle in cas(^ the power should fail. The wells should not be so 
remote from the source of power that elongation of the pull lines under 
tension would neutralizes most of the motion; however, outlying wells are 
occasionally a quarter of a mile or more from the power station. 

The central power plant is equipped witli a prime mover whicli may bo cither a 
steam engine, a gas engine or an elecirio motor. TJic latter tuo are common, but it is 
\m usual to find a central power o][)erated by steam. The power requirements are fairly 
uniform, and efficiency rather than flexibility is the object sought. The prime mover 
drives a large horizontally supported band wheel, occasionally made of wood, though 
preferably made of steel. If an electric motor is used, it must usually be belted 
through a countershaft to the band wheel, in onler to provide the proper speed reduc- 
tion. The countershaft should be provided with a Iricdion clulch so that the load 
may be thrown on the jiower after the motor or eng.n(‘ has been brought to full speed. 
The band wheel rotates once for each stroke of the pump in the well, so that normally 
the speed of rotation would be fom 15 to 20 revolutions per minute. Wells operated 
in multiple are generally pumped at a fewer number of strokes per minut(‘ than when 
operated on the beam. This is permissible, since the jack immping system is seldom 
applicable until the wells have settled down to a relatively small production, and a 
normal sized pump is able to take care of the production of the well at. a speed some- 
what below” the average for most pumj)ing w”ells. 

The band wdieel of the central pow er plant is supported on a vertical shaft provided 
with a suitable thrust bearing, and adequat(*ly braced in all directions so that it rotates 
in a true horizontal plane. Either one, two or three eccentrics are attached rigidly 
to the band wdieel shaft, so tluit they rotate one above another in horizontal planes. 
The eccentrics are provided with slip rings or hollow” discs, sujqiorted on their outer 
rims in such a Avay that while t he rings are held firmly against the eccentrics, the latter 
are free to turn in t hem. At ecpial intervals around the' edge of t he slip rings, are pins, 
hooks or links to w”hich the pull lines heading to the various w^ells are attached. If two 
eccentrics are used, they are usually placed 180 ileg. ajiart on the band wdieel shaft 
(see Fig. 2013). In some designs, the eccentrics are iilaced below the band wheel, and 
in others above. Suit able bearings jilaced in an iron frame, must of course be provided 
to support the revolving vertical shaft in its proper position. 

It is clear from the construction described, that as the band wheel shaft revolves, if 
the slip rings are prevented from revolving with tlie (‘ccentrics, they will be given an 
oscillating motion; and if rods or ropes are attached to the pins or hooks on the rims 
of the slip rings, each rope or rod will be jmlled toward the center of rotation, a distance 
equal to the eccentricity of the eccentric, with each revolution. 

A single eccentric power can handle from (» to 20 wc'lls wdth depths ranging from 
1,(X)0 to 2,000 ft., depending upon the gravity of tlie oil. From 14 to 25 wells may be 
pumped under similar conditions with a double-c^ccentric power.* Some of the 
heaviest types of steel band wheels with double eccentrics are designed to pump forty 
1,500-ft. wells or twenty 2,500-ft. wells. 

* Langley, Pumping jacks. Eng. Min. J., vol. 100, p. 748, Mar. 27, 1920. 
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Occasionally powers are met with in which the prime mover is geared directly to the 
vertical shaft which revolves the eccentrics (s^e Fig. 204 ). Such powers are designed 
for somewhat lighter service than the band wheel type of power, but they operate in a 
similar manner. 

Transmission ImeSy connecting the wells with the power, generally consist of 
steel rods or cables, though wooden rods are occasionally used. Often, old drilling 



I*iG. 20H. eccontric* band-wheel type of power. 

cable will be employed for this purpose, and is really preferable to new cable since most 
of the “stretch” has been taken out of it. If rods seem advisable, old sucker rods 
may be adapted to the purpose. 



Frt!, 204.— Single ececntric geared power. 


Irrespective of cost, rods have the disadvantage of crystallizing and breaking, 
and are not as well adapted as cable where a long stroke and a fast motion are required. 
On the other hand, rods last longer than cables, and are better for long lines, since 
they have not as much elasticity and the length of stroke is therefore not shortened. 
In order to jirovide the necessary flexibility when rods are used, it is customary to 
insert short stretches of cable at intervals, otherwise the rods tend to “pound” or 
vibrate. 

It should be noted that in this method of pumping, power is only applied to the 
pump on the up stroke. The weight of the sucker rods in the well will be sufficient to 
provide the necessary power on the down stroke and keep the transmission lines under 
moderate tension. The transmission lines arc therefore always under tension, the 
tensile stress of course being greater on the up stroke of the pump than on the down 
stroke. 

Transmission Line Supports. — Many ingenious devices have been contrived for 
supporting the transmission line and in providing for changes in direction of pull, or for 
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decrea £0 or increase in the length of stroke. It is clear that in order to reduce friction 
and prevent wear of the transmission lines, they must not be permitted to drag on the 
ground or other stationary objects. Ilsually they are supported by what are called 
hold-up posts” (see Fig. 205). These should be placed at approximately 25-ft. 
intervals in order to eliminate sag in the lines as far as possible. They often consist of 
4- by 4-in. timber, one end of which is buried 4 ft. in the ground and securely anchored. 
The other end extends from 5 to 10 ft. above the ground, depending upon the topog- 
raphy. The post may support the cable or rod by passing the latter through a 
greased slot cut ip the top of the post, or the line may be supported by a short cable 
suspended from a cross-bar nailed on top of the post. Near the power station, where 
there is considerable ^^side sweep” to the line, due to motion of the eccentric, the cable 
should be boxed in on top of the post. 



Fig. 205. — Hold-up posts for transmission line supports. 

Instead of supporting the transmission line on stationary posts in this way, we 
may employ “rockers” or ‘pendulums.” These devices arc also made of timber, but 
the support, instead of being stationary, oscillates with the movement of the trans- 
mission line. In the case of the rocker (see Fig. 200), the pivot on which the post 
swings is placed at the bottom. In the case of the pendulum, it is placed at the top 
(see Fig. 207). This type of support is particularly useful in places where it is neces- 
sary to make a slight change in direction in a vertical plane, the rocker being employed 
on the brow of a hill and the pendulum in the bottom of a ravine. By such means, the 
transmission line may be made to conform more or less to the slope of the ground. 

Occasionally it is necessary to change the direction of the transmission line in a 
horizontal plane, perhaps due to the necessity of avoiding some impassable obstacle 
or difficult topography. It may be also, in order to balance loads on the power, that 
a particular line will be carried out in some other direction from the power than that 
of the well which it is intended to operate. In such cases use is made of what is called 
an “angle” or “butterfly,” a “hold-in swing” or a “horizontal rocker” (see Figs. 208, 
209 and 210). The “butterfly ” is the most satisfactory form of angle station, consist- 
ing of a triangular frame of timber, secuiiely bolted together, held in a horizontal 
position and pivoted at one corner so that it may oscillate in a horizontal plane. The 
transmission line should enter and leave the butterfly horizontally. This can be 
accomplished by the use of either a rocker or a pendulum. 

Another device commonly used when it is desired to lengthen the stroke, perhaps 
to compensate for the losses due to sag and stretch in the lines, is what is called a 
“multiplier” (see Fig. 211). The multiplier is also used to adapt the uniform stroke 
of the power to the variable conditions imposed by the requirements of different wells. 
By means of this device, the length of stroke of any transmission line may be 
lengthened or shortened to any desired extent. It will be noted that the multiplier 
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is somewhat similar in construction to the rocker or the pendulum, the essential differ- 
ence being that in the case of the multiplier, the line connecting with the power is 
at a different distance from the pivot than the line connecting with the well. The 
lengths of stroke for the two lines will of course vary directly with their distances 
from the pivot. Multipliers may also be used for passing the transmission line over 
or xmder a road (see Fig, 212). 

A *'beam*' is used for those rare occasions when the proper balancing of forces 
on the power requires that the direction of a transmission line be changed through an 
angle of 180 deg. (see Fig. 213). The wear on the swing post casting is heavy for this 
device and breakages are frequent. , 



Fig. 206. — Rocker for transmission line Fig. 207.- -Pendulum for transmission 

support. line support. 

It is often necessary to disconnect one well from the power for a time, and in order 
not to interfere with the operation of other wells on the same power, a device called 
a “throw-off” is provided. Rods are generally used to connect the power with 
the cable, and the cables arc connected with the rods by means of large open interlock- 
ing hooks (see Fig. 214). Just back of the hook nearest the well on each line, a 
substantial hold-up post is provided, so that the base of the hook nearest the well 
almost touches the post at the end of the down stroke of the pump. By slipping a 
wooden block in between the post and the base of the hook at the end of the up stroke 
of the pump, the two hooks will disengage and the line may be disconnected from the 
power. A small hook is also used at the well to keep the line taut when it is dis- 
engaged from the pumping jack. 

It may be arranged that one transmission line will operate several wells, by con- 
necting branch lines through a butterfly with wells in different directions (see Fig. 216). 
In soihe instances a number of wells in a straight line are operated by a single pull line. 

Pumping Jacks. — ^Tho pumping “jack" is the device at the well that transfers the 
horizontal, reciprocating motion given by the central power to the transmission lines, 
to the vertical reciprocating motion required by the sucker rods to actuate the pump 
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plunger. These jacks may be made either of timber or steel, preferably the latter. 
Those purchased from supply dealers arts usually made of structural steel or steel pipe, 
while those made on the lease are often of substantial wooden members bolted together. 



Fig. 214. — Illustrating use of throw-off post and hook 

There are two principal types of steel jacks, one being known as the Jones and 
Hammond jack, and the other as the Oklahoma jack. The J. U. jack is a simple 
triangular frame supported in a vertical plane and pivoted at one corner (see Figs. 216 
and 217). The Oklahoma jack is a combination triangle and walking beam, generally 



{After R. Barnes). 

Fig. 215. — Illustrating use of “butterfly” in operating two or more wells with one trans- 
mission line'. 

made of structural steel forms, securely bolted to a rigid supporting timber frame (see 
Figs. 218 and 219). It is evident that there are a variety of ways in which these 
triangular frames may be pivoted, supported and connected with the power. An 
advantage of the Oklahoma jack is that the length of stroke may be varied by changing 
the position of support and connection of the various members. 





PRODUCTION METHODS; REMOVAL OF OIL FROM WELLS 359 


Still another form of pumping jack occasionally met with is the ^‘circle jack,” 
This consists of a semi-circular timber fraftie, mounted on a suitable support and 
pivoted at the center of the circular arc. It is so suspended that the arc of the f rame 
is over the center of the well, and at some distance above, say 8 or 10 ft. (see Fig. 220). 



The transmission line is carried over this circular frame and down to the connection 
with the polished rod. The chief advantage of this form of jack is that it exerts a 
straight upward pull on the polished rod at all times. Other forms of jacks, as well as 
the ordinary walking beam connection used when pumping on the beam, develop a 



(After R. Barnes). 

Fig 217. — Jones and Hammond jack. 


considerable side thrust, as the point of connection with the power describes an arc 
instead of moving up and down vertically. While this side thrust is more or less 
absorbed by the “spring” of the polished rod, it nevertheless results in certain friction 
losses, and occasions wear on the ix>liBhcd rod stuffing box, and causes swaying of the 
tubing and casing head connections. 

The Push-and-puII System of MultiplefPumping. — The push-and-pull system of 
multiple pumping is very similar to the method just described, except that a somewhat 
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different form of power is used and the transmission rods are of wood and of sufficient 
crossHsection to sustain moderate compretesion as well as tension. The power, instead 
of being equipped with an eccentric and slip ring to develop the necessary reciprocating 
movement of the transmission lines, utilizes a crank and connecting rod to drive the 



218. —Oklahoma tyi )0 of pumpirjR jack. 


rods which arc attached to the circumference of a horizontally supported wheel or 
rotary table (see Fig. 221). Tliis form of jjower is best adapted to the operation of a 
small number of shallow wells, and is now almost obsolete except in some of the eastern 
United States fields. Western oi>crators generally prefer tlie slip ring type of power, 
which is more substantial, has greater capacity and is more flexil^le in its application. 



{After R. Harriot), 

Fio. 210. —Oklahoma type of pumpiiiR jack. 


Unit Pumping Installations. — Wells drilled with the rotary rig, if too 
deep for jack pumping, will ordinarily have to be equipped, on comple- 
tion, with the regulation band wheel, crank, pittman and walking beam 
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of the standard cable rig, a somewhat expensive installation if the rig is 
not initially designed for it. It is primarily because of this necessity 
that operators in deep territory in the California fields prefer the com- 
bination rig. However, there has been developed a type of “ unit power 



Fio. 220. —A circle jack. 


adaptable to wells of moderate di'pth, which obviates the necessity of 
installing the cumbersome standard equipment. 



Fig. 221.— “Push-aiid-pull” type of pumping power. 


A well-known type of self-contained pumping unit, intended for 
pumping a single well, is illustrated in Fig. 222. This outfit is made 
entirely of steel and is equipped with a balanced steel walking beam, 
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driven by a gas or gasoline engine o;* an electric motor, connected with the 
beam through gearing and a crank-driven steel pittman. 

Still another type of pumping unit is commonly known as a ''steam 
head/' This consists of a simple, single-cylinder steam engine supported 
with the cylinder in a vertical position directly over the well. The end 
of the piston connects with the polished rod on which the sucker rods are 
suspended. By proper valve adjustments, the steam supply can be so 



regulated on the up and down strokes that a uniform motion is produced 
without shock or jar. This device may also be operated by compressed 
air or by high-pressure gas. The steam head is not extensively used, and 
is suitable only for shallow well service. 

Balancing the Load on the Central Power in Multiple Pumping. — It 
is apparent in the design of a jack pumping plant, that power may be 
saved and operating difficulties avoided, if the load on the central power is 
approximately balanced. That is, the load on the eccentrics should be 
so adjusted that the power requirements are practically constant through- 
out a complete revolution of the band wheel. This necessitates a close 
study of the load factors imposed by the different wells and their 
directions from the power station. 

Knowing the depth of each well, the size of the tubing and sucker rods 
and the gravity of the liquid to be pumped, the weight upon the plunger 
of the pump can be computed. This weight must be lifted during each 
stroke through a distance corresponding to the length of the stroke of the 
plunger. From computation of the work so accomplished with due 
allowances for frictional losses and other inefficiencies of the system, the 
power necessary to pump each well may be estimated. 

If we assume that there is no motion in the system, the weight upon 
the pump plunger becomes a static load. The vertical force represented 
by this load is changed, by means of the pumping jack, to a horizontal 
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force; and since the load on each well of a group will vary duQ to differ- 
ences in depth, the horizontal forces representing these loads will be 
different for each well. When the central power is set in motion, friction 
increases the load in one direction and decreases it in the opposite direc- 
tion. This friction is due to a variety of causes, among which may be 
mentioned friction at the pump, friction at the pumping jack and 
friction in the transmission line and its supports. We may evaluate 
these various forces, either on the basis of mathematical computations, 
or by actually measuring them and the power requirement for each well 
is thus determined. 

We may construct a map diagram on which these forces are repre- 
sented graphically by straight lines of varying length drawn to scale; 
and if we assume a position for the power, it will be possible to scale off 
these distances on the map from the position selected, in the direction 
of the wells the power requirements of which they represent. We may 
then resolve these forces by means of a force diagram, determining the 
direction and magnitude of the resultant force. By repeated trial in 
this way, the point may be found on the map where the resultant of all 
forces is zero, and this should be the site selected for the power station. 

It is evident that in the case of a double-eccentric power, if there are a 
sufficient number of wells, it is possible to readjust the connections of the 
transmission lines on the eccentrics, so that slight inequalities in loading 
may be compensated for. Thus, if the load in one direction from the 
power seems to be greater than in other dirt^-iions, wc may change one 
of the transmission lines on that side to the other of the two eccentrics. 
Its load will, then, in effect be taken up as though it were actually on the 
opposite side of the power. This is true because the two eccentrics are 
placed 180 deg. apart on the band wheel shaft. In other words, while 
the pumps in wells on one side of the upper eccentric are on the up stroke, 
those in wells on the same side of the power connected with the lower 
eccentric will be making their down stroke. In any case, some adjust- 
ment of the loads will always be necessary after the plant is placed in 
operation. Where a motor is used for power, the balancing of well 
loads may be assisted by placing an ammeter in the motor circuit and 
noting the position of the eccentrics when the motor takes its maximum 
load. 

In general, when the topography is rough and the wells are in a com- 
pact group, it will be found advisable to choose a suitable position for 
the central power plant, as near the geographical center of the group of 
wells as possible. There must be sufficient clear and level space all 
about the power, however, to permit of making suitable take-offs from 
the power rods, and for the placing of throw-off posts. 

It will often happen that the zero-resultant position indicated on the 
map with the aid of the force diagram, will be found quite unsuited to 
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the purpose because of topographip difficulties. In such case it is neces- 
sary to select the nearest suitable site and make such adjustments as 
are necessary in the load balance to counteract the influence of misplace- 
ment of the power station. This may necessitate a change in the direc- 
tion of one or more of the transmission lines, leading it off from the 
power in a direction which will bring about compensation of the load, and 
later introducing another change in direction to bring the line to the well. 
These changes in direction arc accomplished with the aid of a butterfly 



(After R. Barnes). 

Fig. 223. — Balancc-bol) for balancing loads on power. 


or angle station as described above. In other cases a balance bob (see 
Fig. 223) may be constructed in the opposite direction from the resultant 
of the well forces, loaded with rocks and heavy scrap metal, connected 
with the power by a separate transmission line and operated as though 
it were an additional well. Balance bobs may also be necessary at or near 
the well in cases where the wells are so shallow that the rods are not 
heavy enough to keep the transmission line under proper tension on the 
down stroke of the pump. Operation of a balance bob of course occasions 
an increase in the power requirement on one stroke, but most of the power 
stored in it is recovered on the opposite stroke. 

It should be remembered that all of these forces operating on the 
power are of mutual influence. The weight of the descending sucker rods 
in wells on the north side of the power will actually help to pump wells 
on the south side of the power. The power necessary to operate a well 
by the multiple system is therefore considerably less than is necessary 
when the wells are operated by individual engines or motors. Often 
when wells are pumped by means of individual steam or gas engines at 
each well, an engine of from 20 to 30 hp. will be used, frequently the one 
used in drilling the well. This is usually far in excess of the requirement 
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for ordinary pumping. A rough determination of the actual amount of 
power needed to pump a well, arrived at by averaging conditions at a 
large number of wells of varying depths in the California San Joaquin 
Valley fields, indicated an average of about 7 hp. For pumping 1,000- 
ft. wells in multiple from a central power, the power requirement may 
be reduced to as little as 2 or 3 hp. per well in many cases. 

Because of the lower operating cost, most producers adopt the multiple 
pumping system in operating their wells if it is feasible to do so, and 
examples of this practice are to be found in most shallow fields (depthg 
up to 2,500 ft.) whore the wells have attained fairly uniform operating 
conditions. On one property in the Kern River field of California, 288 
wells are pumped with jacks. On another property in the same field, in 
1912, 22 wells averaging about 1,000 ft. in depth and producing 15°B6. 
oil, were pumped by means of a motor-driven power at a total power cost 
of about $6 per day. Three such outfits displaced eight 70-hp. boilers 
and reduced the labor from 35 to 21 men. Practically all of the wells in 
the Summerland field of California are pumped with jacks. The wells 
are here drilled from piers extending out from the shore of the Pacific 
Ocean. All of the wells on each pier are pumped by a single transmission 
line from a power located on shore. On one property in the Midway 
field, California, 46 — 1,200-ft., 30-bbl. wells are pumped by three electri- 
cally driven powers. A test mad(i soon after the plant was installed 
showed a power consumption of 2.45 hp. per well and a cost for power of 
only $.438 per well per day (electric power at this time cost only 1 cent 
per kilowatt-hour). It is said that sand troubles on these wells were 
much reduced after the multiple system was installed, due to its more 
uniform speed and control. When these same wells were pumped on 
the beam by individual steam engines, the cost of power averaged $1.05 
per well per day, and the averagci horsepower per well was 5.85. These 
figures indicate a saving of 56 per cent by the use of the multiple pumping 
system. 

In general, for California jack pumping practice, it has been found 
that the average consumption of power, using electrically operated powers, 
ranges from 15 to 40 kw.-hr. per well per day, or 1.5 to 2.5 kw.-hr. per 
barrel of fluid pumped. In 1917, a jack pumping plant in the Belridge 
field of California, of sufficient capacity for the operation of 21 wells, cost 
about $8,000 to install, or approximately $380 per well.* 

Repairing Well Pumping Equipiv^ent 

From the foregoing description of well pumping equipment, it will 
be apparent that a variety of occurrences may prevent satisfactory opera- 
tion of the pump, necessitating repair work. Most producers find it 

* Barnes, R., Central power and jack pumping plants for operating oil wells, 
WeBiem Eng,, 1917, {Thesis, University of California, 1917.) 
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necessary to employ one or more repair crews of three or four men each, 
who are continually engaged , in making necessary repairs on the pumping 
wells. .A common difficulty is occasioned by valve leakage as a result 
of wearing of the balls and seats. Sand is especially destructive in this 
regard, valves and seats lasting but a few days in extreme cases when 
much sand passes through the pump. The difficulty experienced as a 
result of accumulated sand clogging the working barrel and preventing 
action of the vab^es, has already been mentioned. Worn plungers, cup 



Fig. 224. — Sucker rod and tubing clevatora and fishing tools. 

Sucker rod elevators: ^4, Fair type; B, swivel type; (7, Dunn’s patent. National combination socket: 
£>, catching pm; E, catching rod; F, Burrough'a sucker rod socket; G, tubing spear. 


leathers and working barrels will cause leakage of oil around the plunger, 
with reduced efficiency of pumping. Sucker rods often break in the 
well, either as a result of ‘^sanding up” of the pump, or because of 
defective screw joints or welds, or by crystallization or fatigue of the 
metal. Rubbing of the rods on the tubing occasions wear on both, holes 
being sometimes worn in the tubing so that oil leaks out, while the rods 
become so worn at the joints that they ‘fail to resist the tensioiial strain 
put upon them. Wear on the rods and tubing is also accentuated by the 
presence of sand. Occasionally the tubing will pull apart in the well, 
either as a result of defective joints, unusual strain or wear. 

Replacing Worn Pump Parts. — When reduced efficiency of the pump indicates that 
the valves and seats are in need of replacement, the polished rod is detached from the 
walking beam or pumping jack, the top of the stuffing box is removed together with 
the packing rings, and the sucker rods are pulled” with the aid of a sucker rod eleva- 
tor (see Fig. 224), The rods are generally disconnected as they are withdrawn from 
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the well, in “stands” of about 60 ft, in length. The rods are too flexible to permit of 
standing them on end in the derrick, and they are customarily laid horizontally on the 
floor of the derrick or along the plank platform leading from the derrick to the engine 
house. A skilled well-pulling crew of three men can rapidly accomplish the manipula- 
tion of the elevators, wrenches and power controls necessary to remove the rods from 
the well and disconnect them. On emerging from the well, the pump plunger and 
valves are washed with distillate and carefully examined. If the balls and seats are 
worn, they are replaced with new ones, or in some cases, simple reversal of the seats 
will give renewed life. * The plunger is also calipered and otherwise examined for signs 
of wear. • 

If the plunger is worn, the tubing and working barrel should also be “pulled.^’ 
This involves further delay while the tubing is withdrawn, with the aid of the bull 
wheels or calf wheel and tubing elevators (see Fig. 104), and uncoupled in 3-joint 
stands. These are stood on end in one corner of the derrick. When the working 
barrel has been detached from the tubing and cleaned, the plunger is tested in it for 
clearance. If the condition of the plunger and barrel warrants, the pump should be 
sent to the shop for refitting of a new liner in the barrel, or a new plunger, or both. 

In replacing the pump in the well, the working barrel is screwed to the lower end 
of the first stand of tubing (sometimes with a joint or two of perforated tubing as an 
anchor below the foot piece), and lowered with the elevators, coupling the stands 
together, “setting up” the joints firmly with the tongs, until the working barrel reaches 
the desired depth. The plunger and valves connected on the end of the first stand of 
sucker rods are then lowered and the column of rods similarly assembled and lowered 
until the plunger enters the working barrel. The rods must be lowered until the 
standing valve enters its conical recess in the foot piece, driving the standing valve 
lightly into place by allowing the plunger nut to strike the top of the lower cage. The 
rods are then raised sufficiently to prevent the plunger from striking the standing valve 
on the down stroke of the pump, and the adjuster grip is attached to suspend the 
plunger at the desired depth. The polished rod stuffing box is then packed and 
adjusted, the lead line connections arc made and all is again in readiness for pumping. 

“Pulling” a Pump Which Has Become Clogged with Sand. — If the pump “sands 
up,” or accumulates sand within the w^orking barrel and about the valves to such an 
extent that pumping becomes impossible, the plunger and valves often cannot be 
pulled on account of the sand settling above the plunger. In this event, the working 
barrel and tubing must be raised together. After disconnecting the power, an effort 
is first made to remove as much of the column of sucker rods as possible, by applying a 
wrench and turning the rods until some joint unscrews. The column of rods may part 
anywhere, perhaps not at all, depending upon the security of the joints. If the column 
of rods parts somewhere in the well, the rods so unscrewed are withdrawn, from the 
well, uncoupled and preparations made for “pulling” the tubing. The tubing has 
probably been left nearly full of oil, so that as it is uncoupled into stands, the oil flows 
out, and provision must be made for draining it away to a near-by sump. It is a dirty 
job at best for the repair crew. When the upper end of the parted column of rods 
reaches the surface, another section of the column of sucker rods is unscrewed and 
withdrawn, thus alternately uncoupling the rods and tubing until the pump reaches 
the surface. After clearing it of accumulated sand, the purrjp, rods and tubing are 
replaced as described in the preceding section. While the pumping equipment is out 
of the way, the accumulated sand in the bottom of the well may be removed by bailing, 
thus preventing an immediate repetition of the difl5cult3^ 

* Valves and seats may be reground if not too badly worn, by grinding on a glass 
plate with powdered carborundum and oil. The ball is rolled on the glass plate, 
describing a figure 8, while keeping the seat pressed down on top of the ball and the 
latter pressed against the plate. 
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Repairing Parted Sucker Rods. — The sucker rods often part in the well, either as 
a result of extreme tension, a defective, coupling, wear or unscrewing of a joint by 
vibration. In this event, after the upper portion of the column of rods has been with- 
drawn, a fishing device, known as a “sucker rod socket,” is lowered through the tubing 
on the sand line or on a string of sucker rods, until the upper end of the parted colunm 
is engaged (see Fig. 224). The parted column of rods is then hoisted with the plunger 
and valves until the upper end reaches the surface. The broken or defective rod is 
then replaced with a new one and the rods and pump again lowered into working 
position. 

Repairing Parted Tubing. — Tubing sometimes becomes so worn by abrasion of the 
sucker rods that it parts in the well under the influence of its own weight, or as a result 
of the vibration of the rods. If the pump “sands up” so that the plunger is held fast 
in the working barrel, the full force of the power applied to the rods is exerted on the 
weakened cross-section of the tubing, causing bending or rupture. The column of 
tubing sometimes parts by unscrewing of a collar as a result of vibration. To repair 
parted tubing, the rods and pump plunger are first withdrawn, then the upper end 
of the parted tubing. A “tubing spear” is next lowered on the drilling cable or a 
second string of tubing, to fish for the detached tubing (see Fig 224). When the spear 
has taken hold, the parted column is lifted to the surface, the parted joint replaced 
and the tubing, rods and plunger again lowered into working position. 

Well Pulling Equipment. — The power reejuired for repair operations is 
greater — perhaps double — that necessary for ordinary pumping service. 
Furthermore, the prime mover must be somewhat flexible in speed and 
torque, while pumping requires a fairly uniform expenditure of power. 
If the well is equipped with its own individual engine or motor, it will 
ordinarily be used also as a source of power in conducting repair work. 
Hence, the prime mover selected should be one capable of considerable 
variation in speed and power output. The two-speed electric motor is 
well adapted to this dual service and is preferred by most operators 
to the gas engine or steam engine, where electric power is available, 
because of its low operating cost (see page 448). 

Though unnecessary for the pumping of the well, many producers 
prefer to leave the cable drilling rig practically intact, to facilitate the 
occasional necessary repair work. The sand reel is necessary for running 
the bailer in cleaning out the well. The bull wheels are useful in raising 
or lowering rods and tubing. The walking beam is generally utilized 
in operating the pump, but in repair work it is also necessary in operating 
the cable drilling tools during procedure necessary in redrilling operations, 
drilling out sand bridges,’’ etc. Though it is perhaps seldom necessary 
to do any heavy pulling, if shifting or caving sands part the liner or oil 
string the calf wheel will be a useful accessory in making the necessary 
repairs. It will be especially important to leave the drilling rig intact 
if the well is a deep one, say in excevss of 2,500 or 3,000 ft. 

For shallow well service, particularly when the wells are operated in 
multiple, with the aid of jacks, the drilling equipment is frequently 
removed from the wells and much of the rig is dismantled. Perhaps all 
that will be left will be the derrick and bull wheels, and in many instances 
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even these will be removed. In this ca.^, it will be necessary to assemble 
portable well-pulling equipment at the well, when repairs are necessary. 

For this service^ several types of compact and easily transported well- 
pulling machines have been developed, and have found extensive applica- 
tion on properties using the multiple system of pumping. In some cases 
they are equipped with gasoline engines, and in other cases with elec- 
tric motors, power connections being provided at each well in the latter 
case. They are usually mounted on wheels or on a caterpillar tractor. 



Kig. 225.— Woll pulling nnichine mounted on motor truck. 


and may be moved about by horses, or, in the case of gasoline-driven 
machines, under their own power. The machim^ is usually equipped 
with a geared hoist, on which may be wound the cable used in pulling the 
rods and tubing. A collapsible mast is often carried, which can be 
erected over the well as a substitute for the derrick. 

One of the most successful types of pulling machines for shallow and 
moderately deep wells is mounted on the bed of a 3-ton motor truck, and 
consists of a chain-driven hoist which can be operated from the main 
drive shaft of the truck (see Fig. 225). A suitable clutch permits of trans- 
mitting power from the truck engine, either to the rear wheels for traction, 
or to the hoist for pulling purposes. The hoist may have as many speeds 
as the truck gears provide. The Mack truck illustrated in the photo- 
graph is able to lift about 1,000 ft. of 3-in. tubing in high gear, while the 
lower gear ratios have a much higher capacity. 
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Another type of portable pulling machine intended for use where the 
derrick has been removed is illustrated in Fig. 226. The Franklin 
machine is mounted on a small caterpillar tractor, and is readily moved 
about the lease under its own power. The speed and pulling capacity 
are governed by the number of lines used in the hoisting block, but the 
lifting capacity ranges from 4,500 lb. with a single line to as much as 
36,000 lb. with 9 linos. It can handle about 2,000 ft. of sucker rods 
without diflBciflty, and may be used also for bailing. Power is fur- 



{Franklin Tractor Co., Oreenville, Ohio). 
Fia. 226. — Franklin well-pulling machine. 


nished by a four-cylinder, four-cycle, heavy-duty tractor gasoline engine. 
The complete machine weighs about 10,800 lb. This machine may also 
be equipped with a tubular braced mast for use on wells from which the 
derricks have been removed. 

Numerous examples of portable pulling machines utilizing electric 
power are to be found in use in the oil fields. The usual arrangement 
consists of a motor-driven hoist mounted on a substantial 4-wheeled 
truck. A high-torque motor with variable speed is desirable for pulling, 
a controller being provided to control the motor while a suitable friction 
clutch, or gearing, drives the hoisting drum. 

Pumping Oil from Wells with the Air Lift 

Another method occasionally used in pumping oil from wells involves 
use of compressed air and the air lift. This is a device that has been 
widely employed in the pumping of water, and to some extent also, of oil, 
which depends upon the buoyant effect upon liquids confined in a restricted 
tube, resulting from aeration with compressed air. In applying the 
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method to the pumping of oil, compress^ air is discharged under pressiures 
ranging from 100 to 600 lb. per square inch, into the lower end of a column 
of casing or tubing partially submerged in the well fluid. The air, in rising 
through the column of pipe, becomes more or less entrained in the oil and, 
expanding as it rises, decreases the density of the fluid. The lower end of 
the discharge pipe being submerged in the well fluid for a depth of from 30 
to 50 per cent of the total lift, the hydrostatic head of the aerated fluid 
within the pipe is opposed by that of the denser fluifl without, and 



(After Ingersoll-Rand Co.) (After E. M. Ivens, Trans. Am. Soc. Mech. Engra ) 

Fig. 227. — Illustrating rola- Fig. 228. — Methods of piping oil wells for air4ift 

tion of variables in air-lift pumping, 

formulae. 

the fluid within the pipe therefore rises. In Fig. 227, the air lift nozzle is 
submerged to a depth S below the fluid level within the well. This^is],the 
‘^static submergence.^^ After pumping is begun, the fluid level will fall 
a distance D before it again reaches equilibrium, and the operating sub- 
mergence becomes S — D. The operating lift or pumping head is L. 
The operating submergence, S — Z>, divided by the depth of the air 
inlet below the level of discharge, L + (S — D), is called the ‘^percent 
submergence. The head D, is the hydrostatic equivalent of the 
pressure necessary to cause fluid to flow into the well in amounts 
equivalent’ to the operating capacity of the lift. Assume static con- 
ditions with oil standing in the well to the height S above the air 
inlet. It is clear; that in order to inject air into the well fluid, we 
must compress the air until its pressure exceeds the hydrostatic 
head a^ this depth. The minimum necessary starting pressure we may 
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calculate as S X 0.434 X in \viiich S is expressed in feet and d is the 
specific gravity of the fluid to be pumi>ed. To this must be added suffi- 
cient pressure to overcome friction losses in transmission. As the air is 
injected into the fluid within the discharge pipe, the density of the fluid 
within the pipe is reduced in comparison with that on the outside. 
Hence, the depth of fluid, S, without the pipe, balances a somewhat longer 
column of fluid within, and the fluid on the inside rises. As it does so, 
the air eontimfes to expand, and the density of the fluid within the dis- 
charge pipe is further reduced until there is a sufficient elevation of the 
aerated fluid to cause it to overflow at the surface. The effectiveness 
of this process is somewhat reduced by rising of the air through the oil, 
but this is resisted by the viscosity of the oil, and by the restricted cross- 
section of the discharge pipe. After oil has begun to flow to the surface 
and a balance in forces is obtained, the fluid level within the well drops to 
depth L below the point of discharge, and the air pressure, in pounds 
per square inch, necessary to maintain flow, is reduced to (*S — D) X 
0.434 X d. 

The volume of air necessary to produce flow depends upon the charac- 
teristics of the fluid pumped, that is, upon its viscosity and the extent 
to which the air can slip through the column of fluid without doing useful 
work, and also upon the submergence and efficiency of the air-lift nozzle. 
For calculating the volume of air necessary in pumping water, with lifts 
up to 500 ft., th(' following formula proj)osed by E. A. Rix* may be used: 


V = O.S 

(\ log 


iS 


L 


- D) + 34 
34 


, in whi(‘h 


V is the volume of air ne(H\ssary per gallon of water pumped, and C is a 
constant. L is the total lift and — Z>) is the operating submergence 
(sec Fig. 227). Vahi(»s of C for different values of L are given in Table 
XXXIl.t 

Table XXXII. — Valuc or Constant, C, fou Vse in Uix’ Aiu-lift FoumulaJ 


Lift in feet, L 

Cbnstant 

10 to 00 ft. inclusive 

245 

01 to 200 ft, inclusive 

233 

201 to 500 ft. inclusive ; 

216 

501 to 650 ft. inclusive 

185 

651 to 750 ft. inclusive j 

156 


t Pumjjing water with most efficient siibmcrg€*nce. 

* Rdc, E. a., Air-lift pumping of fluids, Oil Industry ^ vol. 3, pp. 4-11, June 15,1910. 
I From Ingersoll-Rand Machinery Company’s Catalog no. 76. 
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It must be noted that this formula is intended only for use in 
computing the volume of air necessary in pumping water. Though oil is 
more viscous, resulting in better occlusion of the air bubbles than is possi- 
ble with water, a greater volume of air is found to be necessary to 
overcome the pipe resistance to flow. Because of the variable flow char- 
acteristics of crude petroleums, no formula such as the one given above 
for water has yet been devised for calculating the volume of air necessary. 
Practical results obtained in pumping oil from wells with the air lift 
however, have indicated that the equivalent of from 1 to 1]^ cu. ft. of 
free air per gallon of fluid delivered, or about 11 volumes of free air to one 
of oil, must be provided. As indicated in the formula given above, this 
will be influenced by the lift, Ly and by the submergence {S — D). Best 
results in the pumping of oil arc said to be obtained with submergence of 
between 30 and 40 per cent, but this varies somewhat with the lift as 
indicated in Table XXX IT, giving proper submergence for varying lifts 
in pumping water. A submergence of even 30 per cent is not always 
feasible if the wells are deep and the fluid levels ar(^ low. If the submer- 
gence is insufficient, the efficiencj^ rapidly falls off, as much as 50 or 70 
volumes of air to one of fluid pumped being required in some cases. 

In estimating the necessary size of the discharge pipe, it is well to 
assume an average velocity of flow of from () to 8 ft. per second, 
or about 12 to 18 gal. per minute, per square inch of cross-section. Too 
large a pipe allows undue “slippage/^ of the air through the fluid, while 
too small a pipe results in an ejector effect within the pipe, leading to 
spasmodic action. 

(las ac(;ompanyiiig th(‘ oil assists in the opi^ration of the air lift/ by 
diminishing the required air pressure. It is claimed, however, that there 
is an excessive volumetric consumption of air b}^ slippage whim gas is 
present. Wells of the same diameter and depth may thus require differ- 
ent pressures, because^ of differences in the quantity and pressure of the 
gas. In order to secure; the full advantage of such gas as the well pro- 
duces, it is customary to place a jiacker betwc'cn the tubing and casing 
above the oil level, thus forcing all gas to follow the oil. 

Air-lift Installations. — C'ommonly us("<l niot liods of i)ipinR wells for o])enition with 
the air lift are illustrated in Fij^. 228. That in wlucdi one tube is placed within another 
is probably most used. The outer tube is conveniently about 4 ju. in diameter, 
extends nearly to the bottom of the well and is open at the lower end to admit the oil. 
This is the eduction tube. Into it is lowered the smaller eolumtvof tubing, about 1 
or 2 in. in diameter, which serves to conduct the air to the level at which it is dis- 
charged into the oil. Suitable connections are made at the casing head to pass the 
air line into the eduction pipe through an oil-tight joint, and the eduction piiw is 
connected through the lead line to the storage tank. A stuffing box type of casing 
head (see Fig. 229) is preferable to the ordinary kind in order to prc'vcnt any move- 
ment of air, gas or oil between the casing and the (*duction pijx'. It is c-ustoraary to 
have a pressure gage on each side of the valve whi(di controls admission of air to the 
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capable of producing more oil than this, some other means of lifting the 
oil must be adopted, and here tlie air lift is of value because of its large 
capacity. Under favorable conditions the air lift, operating through only 
a 3-in. eduction tube, is capable of lifting from 2,000 to 5,000 bbl. per 
day, depending upon the lift and submergence. No other known method 
of pumping, applicable to oil wells, will approach the air lift in capacity. 

One of the great advantages of the air lift is its ability to handle 
sand. The moving parts of the oil wedl plunger pump are rapidly worn 
, in lifting oil carrying large amounts of sand. The air lift has no moving 
parts and is capable of lifting oil containing as much as 50 per cent of sand 
in suspension. It therefore finds what is probably its most useful 
purpose, in pumping wells afflicted with sand “troubles.” Wells inca- 
pable of operation with the plunger pump because of sand incursion, 
have been successfully operated with the air lift and sand prevented 
from accumulating in the well to the detriment of oil production. 

The first cost and operating cost of air lift equipment will be com- 
paratively high, but its efficiemey will compare favorably with that of the 
plunger pump. Over-all efficiencies as high as 40 per cent are possible 
in air-lift pumping. 

An important disadvantage of the air lift in pumping oil is its ten- 
dency to form ('mulsions, if water is present, (kmditions attending the 
injection of the air into the oil, together with the resulting agitation of 
the fluid, are favorable to the formation of emulsified mixtures which are 
often difficult and costly to separate. Tho cooling effect of the expand- 
ing air upon paraffin oil will sometimes result in accumulation of quan- 
tities of solid wax, which tends to clog the well piping and perforations 
through which the oil enters. 

It will be evident that the air lift has a rather limited field of applica- 
tion, being confincMl to wells which maintain a sufficiently high fluid level 
to secure proper subnuTgence, The wcdl, furthermore, must be capable 
of producing enough fluid to kc'ep the lift in continuous operation, for 
the efficiency rapidly falls off when action is intermittent, and placing 
the lift in operation after a period of idleness is troublesome because of 
the necessity for incrc'asing the pressure. 

Typical Air-lift Oil Pumping Installations and Operating Results. — The first 
recorded apidieation of the air lift in pumping oil wells was in the Russian fields of 
the Baku region in 1S91). Operation of m*lls in Ihese fields was complicated by the 
incursion of large quantities of unconsolidated sand, which in the bailing process of 
extraction commonly used, is troublesome. Wells w^hich only produced a few hundred 
poods of oil per day by bailing, were increased to as many thousand through use of 
the air lift, chiefly due to ability of the lift to extract the sand and maintain a lower 
fluid level. The wells in this field offer exceptionally favorable conditions for the 
operation of air lifts, siiuie the depths are not great (1,100 to 2,000 ft.) and the fluid 
levels arc high (lifts are commonly 400 to 700 ft.). 

A. B Thompson'* records the results of one test in which a 4-in. pipe was used 
as an eduction tube, with an air pipe 2^2 ki. in diameter. The depth of the air 
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connection was 1,464-ft., the submergence 694 ft. and the lift 770 ft. The working 
air pressure was 300 lb. per square inch. Tlie volume of air used was equivalent to 
150 cu. ft. of free air per minute, and the fluid raised, 6.25 cu. ft. per minute; or 24 
volumes of air to one of fluid raised. The theoretical horsepower necessary to raise 
the fluid at this rate is 0.24. The steam engine driving the compressor delivered 
36.7 i.hp. Hence the over-all eflSciency was 25.18 per cent. 

In the Kern River field of California, certain wells producing large amounts of 
water with the oil were operated by air lifts for several years. It was found impossible 
to remove the volume of water entering the wells with plunger pumps, and air lifts 
were introduced as a last resort, continued production being contingent Upon the 
ability of the pumping device to keep pace with the influx of water. Expensive* 
compressor plants were installed and an efficient system of piping the wells and of 
operating the lifts, worked out. In a representative series of tests described by 
E. A. Rix, the fluid pumped was a mixture of water with 20 per cent of oil. The 
average lift was 470 ft., with an average submergence of 40 per cent and an average 
length of discharge pipe of 800 ft. With a working air pressure of 152 lb. per square 
inch, using the equivalent of 140 cu. ft. of free air per minute, 93 gal. of fluid were 
pumped per minute. The ratio of free air to fluid pumped is seen to be about 11 
to 1. The eduction tubes were 3 in. in diameter and the air pipes, IJ^ in. It was 
found that continued operation of the air lifts in the Kem River field apparently 
caused further influx of water, probably as a result of general subsidence of fluid levels 
due to more rapid extraction. Eventually means were devised for excluding most 
of the water, so that the smaller volume of fluid, now mostly oil, could be more 
economically handled by plunger pumps. The air-lift process of pumping was 
therefore abandoned in this field, and is not generally regarded with favor by Cali- 
fornia operators, except for special purposes. 

J. A. Tennant gives operating data on an air-lift well in the Humble field, Texas.^ 
This well was 2,593 ft. deep, but was pumped against a lift of only 669 ft., with a 
running submergence of 621 ft., or 47.7 per cent submergence. The operating pressure 
was 330 lb. per square inch. The starting submergence was 900 ft. and the starting 
pressure required was 468 lb. The eduction pipe was 6 in. in diameter, and the air 
line 3 ip. The lift delivered 85 gal. of fluid per minute. 

Selection of the Method of Pumping 

Average operating conditions in the American oil fields dictate the 
use of the plunger pump for lifting the oil. It may be applied to wells 
of any depth, and adapts itself readily to a wide range of conditions. 
It is therefore only in unusual circumstances that other methods need 
be considered. The bailing method is primitive and inefiicient, and is 
employed only where production of large quantities of unconsolidated 
sand with the oil may prevent satisfactory operation of a plunger pump. 
The intermittent action of the swab is also mechanically inefficient. 
Though the suction effect developed by its use stimulates the production 
of oil, the labor and power costs are high if it is operated continuously, 
and its chief field of usefulness would appear to be found in occasionally 
lifting the oil from wells which do not produce enough to warrant con- 
tinuous operation of a power plant. The air lift is of service in pumping 
wells which are capable of producing more fluid than a plunger pump can 
handle, and is of particular value in operating wells which produce 
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large quantities of sand. It is definitely limited, however, to relatively 
shallow wells of high fluid level. 

Since the plunger pump is the usual lifting device employed, the only 
questions that are ordinarily presented are those concerned with selection 
of the type of power, and with the manner of applying it. Of prime 
movers, there are four to be considered: the steam engine, the gas engine, 
the oil engine and the electric motor. A discussion of the relative advan- 
tages of the several types of power for pumping service will be found in . 
^Chap. XIV. The power may be applied either by pumping ‘'on the 
beam,^^ or in multiple with the aid of jacks or by pumping ^ units” or steam 
heads. The latter two are but rarely employed, and the interest usually 
centers on a choice between the first two methods. Multiple pumping 
is desirable only on fully developed acreage, when the wells are relatively 
shallow or moderately deep, when they are not too widely scattered and 
produce steadily with only infrequent necessity for well repairs. For 
deep-well service, for erratic producers requiring frequent repair work 
and for scattered production characteristic of the development period 
of an oil-producing property, operation of the wells by beam pumping 
with individual engines or motors is the only available method. 

Pumping Costs 

The cost of pumping will be the all-important consideration in making 
a choice between one method or another, and in determining the most 
economical kind of power to use. While every oil field has peculiarities 
that require careful consideration in making comparisons of costs, the 
following data arc offered as indicative of typical lifting costs in some of 
the oil fields of the western^ and southwestern United States: 

I. Plunger Pumps Operated on the Beam, (a) Using Steam Power. 

1. A property in the Kern River field of California has 20 wells which vary in 
depth from 1,050 to 1,175 ft. The gravity of the oil is 15°B6. Natural gas is the 
fuel used, and water is supplied from wells on the property. The figures vere 
assembled during the year 1922.^ 


Cost of Operating 20 Wells for 1 Mo. 

Fuel (average of 7 mo.) $1 ,210.00 

Water 100.00 

Three pumpers at $5.50 per day.'. 495.00 

Three oilers at $5.50 per day 495 . 00 

Interest on investment, 6 per cent 30.00 

Depreciation, 8 i)er cent 40.00 

Ijost production 180.00 

Exiiense of car 60.00 


Total cost, 20 wells, 1 mo $2,610.00 

Total per well per month 130 50 

Total per well per day 4.36 
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2. A group of 12 wells varying from 600 to 1,200 ft. deep in the Midway field, 
California, are pumped with individual steaJhi engines. The gravity of the oil is 
13®B6. Average costs during 1913 were as follows: 


Labor $ 409.50 

Fueloil* 523.20 

Water* 697.00 

Repairs to boilers and engines 88.44 

Lubricants, waste and packing. . . ... 97.42 

Total > $1,816.56 

Average daily cost per well 5.09 


* Note: Boiler water was purchased at 5 cts. per barrel, and fuel oil was valued 
at 50 cts. per barrel. 

3. A group of wells averaging 2,745 ft. in depth in the Coalinga field, California, 
produce 17°B6. oil and are operated by individual steam engines at each well. The 
cost per well during 1913 was as follows: * 


Labor (attendance) .... $104.88 

Fuel oil 105 47 

Labor (scaling boilers) .... ... ... 15.62 

Repairs, material 9.57 

Engine rei)airs, lalK)r 5.56 

Lubricants 7.73 

Boiler flues ..... 4.00 

Water. ... ... . 17.17 

Total per well per month $270 . 00 

Total per well per day ... 9.00 


It will be noted that records (2) and (3) above comprise bare operating costs and 
do not contain any general or distributed expense. 

4. The following record indicates the cost of equipping wells in the Coalinga 
field with individual steam engines in 1913: 


One 23-hp. engine, complete .... ... $296.69 

One 40-hp. boiler 473.00 

Boiler connections ... 116.15 

Engine house, blocks, lumber, labor 66 . 80 

Total cost per well ... . . $952 . 64 


(6) Using Gas Engine Power. 

1. A group of wells in the Midway-Sunset field range from 1,500 to 2,500 ft. in 
depth and are operated by individual gas engines. The wells produce from 15 to 
200 bbl. of 16°B6. oil per day, and are operated by individual gas engines. The 
initial cost of equipment, including cost of installation, and the cost of operation and 
maintenance during 1922 were as follows:^ 

Initial cost, including installation: 


One 30-hp. gas engine with pipe and fittings $2 , 025 . 00 

One 50-bbl. circulating tank ... 170.00 

Cement 45.00 

Labor, including foundations, hauling and setting engine. . . 155.00 

Miscellaneous, 5 per cent 119.75 

Total 


$2,514.75 
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Operation and maintenance (cost per well per month) : 


Labor, including pumpers and repair men $13 . 70 

Fuel 23.10 

Interest on capital investment, 6 per cent 10.12 

Depreciation, 8 per cent 13.33 

Production lost from shut-downs 16.00 

Expense of car 6.25 


Cost per S^ell per month $82 . 50 

Cost per well per day 2.75 


Note: In many cases, gas used in developing power is produced on the property. 
If there is no market or other use for the gas, its value may be regarded as the bare 
cost of trapping and transmission. 

2. A group of 8 wells averaging 2,745 ft. in depth, in the Coalinga field, Cali- 
fornia, produce 17°B5. oil, and are operated by individual gas engines at each well. 
The gas used for power is produced on the property and is not given any value in 
the following costs, which represent 1913 conditions. 


Labor, 2 pumpers at $3.50 per day. . . ... $210.00 

Lubricants, $7.50 per well per month .... 60.00 

One-quarter time of 2 repair men at $8.50 per day 66.00 

Repairs and renewals .... 120.00 


Total, 8 wells, per month ... . , $456 . 00 

Total cost per well per day . 1.90 


(c) Udng Electric Motors, 

1. A large oil company operating in the California fields reports the following 
comparative costs for wells pumped on the beam by gas engines and electric motors:^ 



Cost per well per day 


! ^ 

1 Gas engines 

! 

Electric 


motors 

Labor, including pumpers, engine repair men and elec- 



tricians . ... 

j $ 893 

$.589 

Fuel or electric power 



.800 

Repairs 

.076 

.024 

Lubricating oil, waste, packing and misc^laneous 

Interest (7 per cent) and depreciation (10 per cent on 

.186 

.038 

engines and 4 per cent on motors) 

Production lost from shut-downs on 50-bbl. well, at 

.509 

.263 

40 cts. per bbl 

.586 

.014 

Totals 

$2,250 

$1,728 

Saving by electricity over gas, per well per day . ' 

$ 

.52 


Average saving per well per year | 189 . 80 
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2. Comparative cost of pumping 107 wells, average depth 800 ft., oil, 

California fields: 



Cost per well per day 


Steam 

Electricity 

Maintenance, pipe lines, wells, pumps, rigs, boilers. 



motors, transformers and power lines 

$ .9IS 

$ .70 

Labor, including pumpers, boiler men, electricians and 


• 

well gang 

.65 

.45 

Fuel oil at 35 cts. per barrel 

1.17 

.12 

Water, waste and lubricating oil 

.52 

.13 

Electric power, assuming 1 ct. per kilowatt-hour. . 


.57 

! 

Totals 

$3.29 

$1.97 

Saving per well per day, by electricity over steam | 

$ 1.32 

Average saving per well per year | 

481.80 


II. Plunger Pumps Operated in Multiple by Jack Plants. 

1, The following figures show the power and labor cost of operating 222 wells in the 
Kern River field, California, by means of 14 central power stations:* 


Total Cost For 
222 Wkllb Fob 1 Mo. 

Power,* average for first 6 mo. of 1922 $1,725.00 

Labor, 5 oilers at $5.50 per day ... 825.00 

Two automobiles ... 140.00 


Total $2,690.00 

C^lost per well per day 0 . 404 

* Electric motors are used for driving powers. 


Average Cost of Lifting Oil for 4,497 Wells in Various American 
Fields, 1921.* — Cost data gathered by the U. S. Bureau of Mines in 1921 
From 57 groups of properties in various American fields with a total of 
4,497 wells of all types, show a variation in lifting cost of from 4 cts. 
to $4.86 per barrel of production, or from $2.93 to $467 per well per month. 
The full-line curve of Fig. 231 shows the average cost per barrel for 
wells of varying output. The area covered by the dotted curves includes 
all values gathered in the course of this investigation. The parallel 
Jotted curves are useful in predicting future cost of production if estab- 
lished 'cost figures do not conform with the average curve. For example, 
a well now producing 40 bbl. per day at a cost of 20 cts. per barrel, 
will on declining to a production of 0.8 of a barrel per day produce at a 
30 st of about $1.50 per barrel, assuming that the various cost factors do 
not change in the interim. 

•‘‘Lifting costs at Oil Well Properties,” by H. C. George, U. S. Bureau of Mines 
S.eports of Investigations, Serial No. 2530, 1923. 




382 


PETROLEUM PRODUCTION ENGINEERING 



(After H. C. Oeorge in U. 8. B. Mines Repts. of Investigations No 2530). 

Fro. 231. — Graph for ostimating cost of producing oil. 

Note: The gulid*linc curve ehows the average lifting cost for 4,497 wells of all types in widely scat- 
tered fields of the U. S. 


Average Cost of Producing Petroleum in California, 1914 to 1919. — The U. S 

Federal Trade Commission, as the result of a survey completed in 1921,* estimated the 
average cost of producing petroleum in California as follows: 


pjxpense item 

1914 

i 

1915 

1 

1916 

1917 

1 

1918 i 

1919 

Lifting expense 

$.068 

$.071 

$ 088 

$.113 

$.134 

$.156 

General and administra- 
tive expense ... 

.045 

.048 

.056 

.064 i 

.082 

.095 

Depreciation 

1 .073 

.086 

.085 

.097 

.104 

.106 

Depletion. . .... 

.071 

.079 

.084 

.080 

.076 

.075 

Royalty 

.021 

, .023 

.027 

.035 

.044 

.044 

Less credits for gas and 
casing-head gasoline. . . . 

004 

i 

.005 

.007 

.010 

.012 

.013 

Total cost 

$.274 

$.302 

$.333 

$.379 

$.428 

$.463 


* U. S. Federal Trade Commission, ‘‘Report on the Pacific Coast Petroleum Indus- 
try,'' Pt. I, 1921. 
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The larger companies producing over one million barrels each, annually, operated 
at lower cost: • 


Expense item 

1914 

1916 i 

1918 

1919 

Lifting expense 

$.049 

S.008 

$.105 

$.131 

General and administrative expense 

.046 

.059 

.084 

.098 

Depreciation 

.067 

.077 

• .097 

.101 

Depletion 

.069 

.080 

.072 

.070 ^ 

Royalty 

Less credits for gas and casing head 

.018 

.024 

.038 

.040 

gasoline 

.004 

.008 

.015 

.015 

Total cost 

$.245 

$ 300 

$.381 

$.425 


The smaller companies producing less than 50,000 bbl. each, annually, produced 
at a much higher cost : 


Expense item 


Lifting cost 

General and administrative expense .... 

Depreciation 

Depletion 

Royalty 

Less credits for gas and casing head 
gasoline 

Total cost 

I 


1914 

1916 

1918 

1919 

$.240 

$ 275 

$.431 

$.414 

.060 

.072 

.119 

.136 

.183 

.224 

.251 

.262 

.193 

.311 

.295 

.307 

045 

078 

1 

.098 

.094 


1 

.003 

.001 

$.721 

1 

S 960 1 

1 

$1,191 

$1,212 


The volume of production per well is one of the most important factors in deter- 
mining the unit cost of producing petroleum. As a rule, the lower average cost 
shown for producers having the largest production, is largely due to their large average 
production per well. 

The effect of volume of production per well on the cost of production is shown in 
the following table (figures are for the year 1914) : 


i 

i 


1 Cost per bbl. 


1 


Hangp of production por well 
per annum, in bbl 

1 No of ! 
com- 
panies 

Lifting 

expense 

General & 
adminis- 
trative 

Depre- 

ciation 

1 

Dcpli*- 1 
tion 1 

1 

Cl edits 

Total 




expense 

/ 



_ 

Over 100,000 

3 

$.017 

$.005 

$.006 

$.006 


$ 034 

25,000-100,000 

7 

038 

.057 

.061 

.077 

$ 010 

.223 

10,000- 25.000 

35 

.086 

.0.38 

1 070 

.048 

001 

.241 

5,000- 10,000 

25 

.145 

.045 

.000 

. 108 

002 

.386 

Under 5,000 

21 

.148 

i 

1 .050 

1 

. 169 

.100 

.001 

472 
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The lifting expense and depreciation show a rapid increase as the quantity pro* 
duced per well is decreased. The general and administrative expense and depletion 
are very low for the largest production, but do not increase uniformly as the production 
per well increases. The total cost shows a steady increase as the volume produced per 
well decreases. 
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CHAPTER XIII 


PRODUCTION METHODS: MANAGEMENT OF WELLS TO 

SECURE MAXIMUM PRODUCTION 

• 

Management of wells to secure the maximum recoverable amount ot 
oil and gas is one of the most important problems confronting the petro- 
leum engineer — one which is destined to receive closer attention in future 
years of declining productivity than it has during the past. Of ail 
mineral products, the percentage of extraction of^ petroleum is lowest. 
It seems probable that we fail to recover, by present-day methods, from 
25 to 90 per cent of the oil present in our petroleum deposits. Our 
present inefficient methods of extracting oil must be improved, for the 
time will come when growing scarcity and advancing price of petroleum 
will require a reduction of this unrecoverable content. 

Drainage of Oil Sands 

The extent to which oil*may be drained from a sand or porous rock 
depends upon a variety of factors, some of Jwhich are related to the litho- 
logical characteristics of the rock, while others depend upon the physical 
properties of the oil. Important among these factors influencing drainage 
are the porosity of the reservoir rock, the shape, size and continuity 
of the rock pores, and the viscosity and density of the oil. The presence 
of water in association with the oil also has an important influence upon 
the efficiency of drainage; but most important of all is the pressure exerted 
upon the stored oil by natural gas, hydrostatic head and superimposed 
rock masses. Some of these forces tend to drive the oil out of the reser- 
voir rock into the well, while others favor retention of it. Gas pressure, 
hydrostatic pressure and rock pressure are the active expulsion agents; 
while the viscosity of the oil, aided by capillarity, adhesion and pore 
friction, resist movement. The pressure or ‘‘head” on the oil must be 
sufficient to overcome capillary attraction and rock resistance, otherwise 
the oil is retained by the rock stratum, even though the latter is pene- 
trated by a well. So-called “tight” sands are occasionally encountered, 
which are apparently saturated with oil, but do not yield it readily. 

The openings in rocks in which fluids are stored, and through which 
they must be drained, are of several kinds. They have been classified 
by Lauer* as original openings, including drying cracks, rock pores, shell 
cavities and dolomitic cavities; and induced openings, including those 

• Lauer, A. W., Petrology of petroleum reservoir rocks, Ec, GeoL, pp. 435-472, 
Aug. 1917. 
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formed by fisteuring and rupturing^ bedding and joint planes, breociationj^ 
solution cavities and fossil cavities. Apparently a variety of different 
types of cavities which might influence the movement of oil exist, and 
the extraction of oil would undoubtedly be influenced by their form and 
continuity. For sands and sandstones, from which the greater part of 
the world ^s petroleum is produced, the cavities of particular significance 
are pore spaces between grains and bedding planes. In the case of the 
limestones, which are also important reservoir rocks, joint planes, breccia- 
ftion, solution cavities and dolomitic cavities are important. 

If the oil accumulation has been influenced by favorable geologic struc- 
ture, the reservoir rock will become almost completely saturated with oil 
and gas. Occasionally, small quantities of water may be retained by 
capillarity and become inundated in the oil reservoir, and small globules 
of gas remain occluded within the rock pores; but the major part of the 
accumulation will be liquid petroleum. Experimental tests and data 
from actual well extractions indicate an oil content in excess of 90 per 
cent of the pore space available for oil storage in most cases. 

In addition to the occluded gas, liquid petroleum is capable of dis- 
solving large quantities of the hydrocarbon gases. Just as mineral waters 
become charged with carbon dioxide gas, so do oils dissolve hydrocarbon 
gases; and the quantity which the oil is capable of absorbing increases 
as the pressure increases. Certain California oils are capable of 
absorbing about 50 per cent of their volume of natural gas (mostly 
methane) at atmospheric pressures. At higher pressures the absorptive 
capacity of the oil would be much greater. According to Henryks 
law of gases, the quantity of a fixed gas that can be held in solution 
in the oil is directly proportional to the pressure; thus, if 1 cu. ft. of 
oil holds i cu. ft. of gas in solution at 1 atmosphere pressure, it 
could hold 10 cu. ft. at 20 atmospheres. Doubling the pressure therefore 
doubles the quantity of dissolved gas, and hence the energy, being the 
pressure multiplied by the gas volume, is quadrupled. * That is, the 
expulsive energy increases as the square of the pressure, provided there 
is enough gas present to saturate the oil at the existing pressure. Some 
of the gases present, such as propane and butane, are condensable at 
the higher pressures, and thus go into solution as liquids. The effect 
of this is to increase the expulsive energy at even a greater ratio than 
the square of the pressure. Methane is the least soluble of the hydro- 
carbon gases, petroleum having a considerably higher absorptive capacity 
for ethane, propane and butane. Thus, in addition to large bodies of 
free gas accumulated in structural traps in contact with the main body 
of oil, the liquid petroleum itself in a virgin deposit is usually heavily 
charged with absorbed or dissolved gas which is ready to assume the 
vapor phase as soon as the pressure is reduced by the deposit being 
penetrated by a well. 
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It is agreed by most authorities^ that this gas pressure is chiefly 
responsible for such flow of oil into the well as occurs under present-4ay 
methods of production. This may be demonstrated from the fact that 
decrease in oil production follows closely the decline in gas pressure 
and when the gas pressure is exhausted, flow of oil amost ceases, although 
much oil may still remain in the sand. Movement of gas through the 
reservoir rocks toward the wells is more rapid than that of oil, because of 
smaller frictional resistance, that is, gas flows through the oil to the well 
outlet. Proof of this is found in the fact that during the early period o£ 
productivity, wells commonly produce considerably more gas than the 
oil simultaneously produced is capable of absorbing. The reservoir 
rock yields its oil readily until the occluded and absorbed gas is exhausted, 
when production greatly declines. Since oil production is largely depen- 
dent upon gas pressure, the producer should conserve this gas pressure 
and prevent its dissipation by every possible means. 

While gas pressure is recognized as the chief cause of oil movement in 
the drainage of wells, there can be no doubt that gravity, hydrostatic 
pressure and rock pressure, forces foreign to the oil but brought to bear 
directly upon it, are in part responsible for the flow of oil into the well. 
These forces are enduring, and will ordinarily be responsible for com- 
paratively small yields of oil after the gas pressure has been exhausted. 

The hydrostatic head developed within a porous rock is directly 
proportional to the depth of the superimposed column of fluid. In 
many fields containing several oil or gas sands, it is found that the closed- 
in initial pressures increase with depth, and are proportional to the vertical 
depths below the outcrops of the strata in which the accumulations occur. 
The direct influence of the pressure of water, with which the rocks are 
saturated, is here evident. 

Rock pressure is supposed to be directly proportional to depth below 
the surface. Modern conceptions of earth pressure assume that rocks 
are plastic in varying degrees, and that pressure may be transmitted 
from the rock structure to liquid confined within the pores. This theory 
leads to the conclusion that at sufficiently great depths, rocks will flow 
like viscous fluids, due to the pressure imposed upon them. While it is 
doubtful if rocks within reach of the drill are greatly influenced in their 
physical characteristics by earth pressure, the pressure exerted upon the 
rock fluids may conceivably become important in aiding oil drainage. 
Increase in productivity of wells with depth may be satisfactorily 
explained on the assumption that rock pressure and hydrostatic pressure 
are predominant or indirect factors in oil drainage. 

In thick or steeply inclined strata, gravity undoubtedly exerts a 
considerable influence in aiding drainage of the rock fluids. If it be 
assumed that a certain inclination of the fluid surface within a sand will 
cause oil to flow through the restricted rock passages toward the well, it is 
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apparent that a component of gravity in this direction may be found at 
a considerable distance from the well (see Fig. 232). It has been demon- 
strated that the more nearly saturated rocks yield their contained fluids 
more readily than do those only partially saturated. Since the lower 
portions of an oil-bearing stratum in the vicinity of a well will be more 
highly saturated than the upper horizons, the ultimate drainage slopes will 
be steeper at a distance from the well than in its immediate vicinity* It 
seems probable that undrained areas will always exist between wells as 
a result of this angle of repose*^ of the rock fluids. If edge water 



Fig. 232 . — Illustrating manner in which gravity influences oil drainage. 

The dotted lines show suooesaive positions of the oil surface as the fluid level is i^radually depressed 
by removal of the oil. The solid curve shows the ultimate drainage slope which limits the area drained 
by the well. Note reversal of curve at critical slope. Water is supposed to be absent. Slopes are 
greatly exaggerated. 


encroaches to fill the voids left by extraction of oil, floating of the remain- 
ing oil against the cap rock may accomplish a flattening of the oil ''cone,'' 
leading to redistribution of the fluid through the upper horizons of the 
stratum. If water is present in the bottom of an oil sand, too rapid 
pumping has a tendency to develop water cones in the vicinity of the 
wells, forming oil surfaces directly the reverse of those illustrated in 
Fig. 232 for gravity drainage. Theoretically, eventual complete 
recovery of the oil is possible by these processes providing the wells 
are not too widely spaced or too rapidly pumped. Under normal 
operating conditions however, it seems improbable that they are capable 
of accomplishing anything more than a very slow incomplete extraction 
of the oil because of the magnitude of the opposing forces and the 
tendency of edge water to entrap and isolate undrained lenses of oil sand. 
The forces opposing drainage of oil from porous rocks are, as suggested 
above, chiefly capillarity, adhesion and pore friction. The force of capil- 
larity tends to draw the rock fluids into the pore spaces and retain them in 
spite of powerful expulsive forces. McCoy* estimates that capillarity 
may exert a pulling force on petroleum of as much as 100,000 lb. per 
square foot, and in the case of water, three times as much. The well- 
* See Reference 14 at end of Chap. I. 
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known tendency of oils to wet solid surfaces, and adhere to them, is a 
force of lesser magnitude, but neverthefess one capable of resisting gravity 
and moderate gas and hydrostatic pressures. Pore friction is a rather 
uncertain quantity, but in the finer grained rocks it apparently offers an 
insuperable resistance to fiuid movement. This resistance is accentu* 
ated by the viscosity of the heavier grades of oils and by accumulation 
of fioating sand in the rock pores. Slichter* gives the data of Table 
XXXIII which indicates the influence of porosity and poie size on the rate 
of flow of water through porous rocks. From these data it is apparent^ 
that water will flow about 2,500 times faster through a stratiun of fine 
gravel than it will through one of very fine sand, though the percentage 
porosity may be the same in both materials. 


Tablb XXXIII. — Relative Velocities op Water Moving through Sands of 
Different Porosities and Grain Size under the Same Temperature 

AND Pressure 


Kind of sand 

Diameter of 
sand grains 
in fractions 
of an inch 

Relative velocity of water through 
sand having a porosity of 

30 per cent 

34 per cent 

38 per cent 

Very fine 

! 

K64 

.003282 

.004960 

.007170 

Fine 

%B4 

.013150 

.019830 

.028660 

Medium 

^54 

.052700 

.079400 

.114600 

Coarse 

9^64 

.210500 

.317500 

.458600 

Fine gravel 

5?^64 

8.220000 

12.400000 

17.900000 


Table XXXIV. — Expulsion op Oil from a Sand by Compressed Air 


Total time 

Total recovery, 
per cent 

Pressure, 

lb. 

3 min. 


125 

6 min. 

50.0 

45 

10 min. 

55.0 


15 min. 

67.0 


45 min. 

64 0 

35 

1 hr. 15 min. 

66.0 


1 hr. 45 min. 

67.5 

' 30 

3 hr. 16 min. 

69.5 


17 hr. 16 min. 

72.0 

28 


* Slighter, C. S., Field measurements of the rate of movement of undergmund 
waters, U. S. Geol. Survey, Water Supply Paper 140, 1906. 
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Experiments conducted by J. 0. Lewis^® have demonstrated that 
saturated porous sands yield their contained fluids much more readily 
than do those only partly saturated. Compressed air forced through a 
tube tightly packed with oil-saturated sand gave the yields indicated in 
Table XXXIV, which shows that 50 per cent of the yield was obtained 
during the first 5 min., and that prolonged drainage during 17 hr. and 
15 min. only resulted in the recovery of an additional 22 per cent. 
The decrease in ^resistance to movement of air as saturation decreases is 
Apparently largely responsible for its lower efficiency. In the case of an 
oil stratum, a similar condition results, the partially drained upper 
portions of the stratum affording a channel through which gas may flow 
to the wells without doing useful work in moving oil. 

Of the oil retained in the sand after a well has reached economic 
exhaustion, under the usual methods of production, probably the greater 
part is held by capillarity and adhesion. The amounts that may be so 
held are indicated by the data of Table XXXV, lyhich gives the results 
of prolonged drainage tests with typical oils and sands. The coarse sand 
consisted of well-rounded grains (rf uniform size, averaging about ^^54 in. 


Table XXXV. — Quantities op Oil Retained in Drained Sands 




Time 

Oil retained, 

Oil 

Sand 

drained. 

percentage of 



days 

capacity of sand 

Bradford crude, gravity 41.2®B<5. (0.818) 

Coarse 

26 

15.0 


Fine 

26 

21.0 

California crude, gravity 25.1'’B6. (0.903) 

Coarse 

42 

24.0 


Fine 

43 

42.0 

California crude, gravity 14°B6. (0.972) 

Coarse 

73 

30.5 


Fine 

73 

53.0 


in diameter, with a porosity of about 37 per cent; while the finer sand was 
made up of angular grains of irregular size, averaging about ^^54 in. in 
diameter with a porosity averaging 38.5 per cent. The oil retained with- 
in a sand by capillarity and adhesion probably marks the lowest possible 
limit of recoverable oil, for no sykem of recovery short of actual distilla- 
tion or solution could conceivably influence oil held under such forces. 

The radius of influence of wells in effecting oil drainage is an important 
consideration, both in planning the development program for an oil 
property (see page 80) and in its subsequent operation. The probability 
of undrained areas existing between wells as a result of the development 
of drainage slopes toward the wells has already been discussed. This 
undrained volume of sand of course increases with the distance between 
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wells, Assuxamg that forces due to capillarity and adhesion remain 
fairly constant, as they would in a san8 of uniform texture and porosity, 
the only variable resistance to flow would be that due to pore friction. 
Just as the pressure necessary to force fluid through a pipe varies directly 
with its length, so the pressure necessary to overcome rock friction varies 
with the distance which the fluids traverse. In other words, a greater 
force is necessary to cause movement of the oil 100 ft. from the well 
than is necessary to move oil 1 ft. from the well. If thi§ be true, with a 
uniform pressure throughout the sand, it follows that the areas near the^ 
well are more completely drained than are those at a distance; and if the 
analogy of the pipe line holds, we should expect to find the saturation 
increasing directly with the distance from the well. But uniform pres- 
sures do not prevail throughout the life of a well, and as pointed out 
above, migration of rock fluids is slow. Hence the oil in the sand imme- 
diately surrounding the well will get the benefit of maximum pressure 
and needs it least; while oil located at some distance from the well will 
have to move under the much reduced pressure prevailing during the 
latter part of the period of extraction. Furthermore, there is the prob- 
ability of gas associated with the distant oil escaping through the unsat- 
urated sands in the vicinity of the well, without doing useful work. 
If due consideration is given to these factors, the inefficiency of 
our present methods of oil extraction is not surprising. 

Recoverable Content of Petroleum. — Estimates of the percentage 
extraction to be expected by present methods vary from 10 to 75 per cent. 
Precise data, of course, are not to be had, most estimates being mere gen- 
eralities based on judgment and experience. White, in 1904, estimated a 
25 pel cent recovery for the oil sands of West Virginia. Arnold and 
Garfias, in 1914, estimated an extraction of from 40 to 60 per cent for the 
oil sands of California. Dunn suggests 25 to 85 per cent for oil sands in 
general, and Washburne, 36 to 60 per cent. Actual recoveries obtained 
in practice indicate that the ultimate recovery in many ca^cs will not 
exceed 50 per cent. For example, in the data of Table XXXVI, cover- 
ing estimates of recoverable oil expected from groups of properties in the 
Coalinga and Midway fields of California,^® it appears that the maximum 
recovery by present-day methods will be about 40 per cent. Twenty- 
five per cent porosity and complete saturation is assumed for the oil 
sands of these fields. 

From the production records of over 6,000 wells on the Indian reser- 
vations in Oklahoma, Lewis estimates that the ultimate production 
per acre will average about 3,400 bbl. which would saturate less than 3 
ft. in depth of sand of the porosity prevailing in these fields. It is defi- 
nitely known, however, that the average thickness of the producing sands 
is much greater than 3 ft. Hence, a low percentage recovery of the oil 
content is indicated. Similarly, in the Illinois fields, the production per 
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acre is estimated at 2,750 bbl., which would saturate about 2 ft. of sand 
of 17^ per cent porosity; yet the thickness of the “ pay streaks ” is said to 
approximate 25 ft. Again, in the Bradford field of Pennsylvania, now 
practically exhausted, 2,700 bbl. per acre have been obtained — scarcely 
enough to saturate 3 ft. of sand, although the producing sand is reported 
to average 45 ft. in thickness. 


Table XXXVI.— iBatio op Ultimate Recovebt op Petroleum to Total Oil 
Content fob Certain Properties in the Midway and Coalinoa Fields, 

California* 



Coalinga field 

Midway field 

Number of properties 

13 

18 

Average thickness of oil sands, ft 

96 

00 

Average production per acre, bbl 

22,012 

6 

13,679 

4 

Average age of wells, yr 

Average production per acre-foot, bbl 

222.5 

161 

Average recovery, per cent 

11.5 

7.8 

Minimum production per acre-foot, bbl 

26.5 

61 

Minimum recovery, per cent 

1.4 

2.6 

Maximum production per acre-foot, bbl 

838 

742 

Maximum recovery, per cent 

43.3 

38.2 



• After R. P. McLaughlin and J. 0. Lewis. 

Note: The properties included in the above estimates are still operating, but 
at the time the figures were assembled had yielded at least two-thirds of their ulti- 
mate production. Complete saturation and 25 per cent porosity are assumed for 
the oil sands. 

Influence of Thickness and Depth of Oil Sands on Ultimate 
Production. — Since the storage capacity of a porous rock is a function of 
its porosity, it follows that the greater the volume of rock available for 
storage, the greater will be the oil content; hence, the greater the thick- 
ness of the oil stratum penetrated by the well, the greater will be the 
ultimate production. It may also be demonstrated as a corollary that in 
sands of greater thickness the wells will be of greater initial capacity and 
will have a slower rate of decline. . Deeper sands, probably because of their 
smaller porosity, are often less productive than shallower sands. These 
facts are well illustrated by the graphs of Fig. 233, which show for vary- 
ing depths and thickness of sands the ultimate recoveries, expressed in 
terms of first year's production, for average wells in the Lawrence County 
field of Illinois.^ 

Decline Characteristics of Oil and Gas Wells. — The rate of production 
of oil and gas from wells and the rate at which the production declines 
are matters of vital importance to the operator. The rate of production 





MANAOBMBNT OF WMLL8 TO SECURE MAXIMUM PRODUCTION 898 


dictates the nature and capacity of the lifting equipment which most be 
provided, and its manner of operation. It also influences the sdeotion 
of gathering, storage and other lease equipment. For a given ultimate 
production, the rate of production also determines the life of the property, 
or the period over which extraction must be extended. The rate at 
which production declines is important in determining the relative 
volumes of oil to be obtained at different periods during the life of the 
property. The volumetric output during any one period, multiplied 

Average Depth of Sand in Feet 


800 760 1000 1260 1600 1760 



{After Lewis and Beal ) . 

Fio. 233. — Graphs showing ultimate recoveries in multiples of first year’s produotioiit for 
sands of varying depth and thickness, Lawrence County Field, Illinois. 


by the estimated value per unit during that period, determines the 
revenue available for operation of the property and for the payment of 
dividends. Estimates of future annual productions based on such con- 
siderations are useful in determining the present value of an oil property 
and in estimating economic life. 

The maximum rate of production is generally reached within a month 
of the date of completion of the well. The initial rate of production 
during the first few days or weeks is often erratic, the irregularity being 
probably caused by the clearing of the wall rocks of mud, fine sands and 
water, and by the gradual development of drainage channels leading to 
the well. Some wells require several months or even years before reach- 
ing maximum productivity, but it is probable that such wells in most 
cases have not been properly finished. This initial production peak is 
due directly to the superior gas pressure characteristic of the early 
period of production. 
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The production peak is generally followed by a period of rapid decline, 
the rate of decline gradually diminishing. This is undoubtedly due to 
the rapid dissipation of the gas pressure. Oil production reaches a 
maximum at the beginning of the productive life of the well because the 
gas pressure has the maximum advantage over rock resistance to flow; 
but as the opposing forces approach equilibrium, the expulsive energy is 
reduced and the proportion of oil is correspondingly diminished. It is 



Fig. 234. — Oil production and Ras pressure decline curves for a flowing well in the Midway 
Field, California, demonstrating similarity. 

evident that there is a basic relationship between the pressure and volume 
of the gas produced by a well and the quantity of oil produced. In 
Fig. 234 the gas production and oil production are plotted as separate 
graphs on the same coordinates to demonstrate the parallelism or simi- 
larity in rates of decline that is characteristic of such curves. 

As demonstrated above, the expulsive energy which is responsible 
for oil drainage is chiefly due to occluded and dissolved gas, and in accor- 
dance with the gas laws, it increases in effectiveness as the square of the 
pressure. Evidently, if this assumption relative to the cause of oil 
drainage is correct, the decline curve of a well, if uninfluenced by artificial 
factors, should be a logarithmic, curve of the general form y = Cx^. 
The value of n, the exponent in this equation, is an expression of the 
physical variables — such as viscosity of the oil and texture of the oil 
sand — ^which influence the resistance to expulsion. The value of n 
determines the slope of the curve. The constant, C, is a measure of the 
productivity of the well. It can be demonstrated mathematically that 
most production graphs conform rather closely in their decline charac- 
teristics withjthis general formula. In many cases they follow it so 
closely that an actual equation may be written from which the entire 
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Fia. Zi5A. 

Explanation: The equation used is of the form y * Cx". For any particular curve, values of 
**C” and "/i” must be determined from the data afforded by the established decline curve. Plotted 
on logarithmic paper, this equation becomes a straight line when the proper initial value of “X’* is 
used. This value of *‘X" may be determined as illustrated in the logarithmic graph below. 



Fiq. 235B. 

Explanation: The lo^rithinic graph is first constructed by selecting an initial value for at 

random (curve “A”). The curve is then shifted toward its convex side by adding or subtracting a 
constant to or from each value of “X," until the graph becomes a straight line (curve ** B"). 

graph after C. S. Larkey in "Mining and Metallurgy " lower graph from U. S. Internal Revenue 
Bureau's " Manual for the Oil and Oaa Industry"). 

Figs. 235 A and B. — Mathematical characteristics of oil well decline curves. 



396 


PETROLEUM PRODUCTION SNGINSEmNO 


production graph may be reproduced without reference to the production 
figures (see Fig. 235A). Such d graph should become a straight line 
when plotted on logarithmic coordinate paper and production graphs are 
often plotted with respect to logarithmic coordinates in order that 
extrapolations for the estimate of future productions may be made with 
greater accuracy than is possible on natural coordinates (see Fig. 235B). 
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Fio. 236. — Oil and water production graphs for a group of wells in the Coalinga Field, 
California, showing temporary increase in production following a period of idleness. 


Production decline curves often deviate temporarily from the theo- 
retical logarithmic curve which they are supposed to follow, because of 
various changes in operating conditions. The screens or sand faces may 
become clogged with sand or wax, which partially prevents flow of oil 
into the well until it is removed. Pumps may become worn and ineffi- 
cient and fail to remove the oil as fast as the well is capable of producing it. 
Wells may be intentionally shut in for a time because of unfavorable 
market conditions or lack of storage facilities, or on account of labor 
disturbances. At such times, the natural productivity of the well is 
artificially influenced and the production graph becomes erratic. It 
has been shown, however, in certain California fields, that production 
lost by failure to operate the well at its normal capacity is at least par- 
tially regained subsequently, by increased productivity when conditions 
are again brought back to normal. In the Coalinga field of California, 
for example, many wells were idle for a period of 4 mo. during 1920 as a 
result of a strike of oil field workers. A study of production figures 
indicated that the production lost during this period was regained during 
the few months immediately following resumption of operations, so that 
the wells again followed the production curves previously computed for 
them (see Fig. 236).* 

* Chan, C. Y., Effects of water incursion in the Coalinga field, California, Thesii 
performed under the direction of the author, University of California, 1922. 
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Uniformity and regularity in the decline rate of course assumes that 
the wells will not be subjected to conditions which may vitiate the 
expulsive forces. A new well drilled^within the area drained by an older 
well will at once reduce the productivity of the older well, and the new 
well will lack the high initial production characteristic of wells drilled 
in uninfluenced territory. The effect of interference is well illustrated 



1 2 3 4 6 6 7 


Years 

Ufier J. H, G. Wolf), 

Fio. 237. — Production graphs of two interfering wells, showing comparatively' small 
initial production of later drilled well, and sudden decrease in productivity of first well on 
completion of second. 


by the production graphs of Fig. 237. Well No. 2 was drilled only 400 
ft. from No. 1 and was completed 30 mo. later. Note the decrease in 
production of No. 1 on completion of No. 2, and the low initial production 
and slow initial decline of No. 2 No. 1 is, in effect, brought 24 mo, 
nearer the end of its economic life by the interference of No. 2, and the 
latter will produce only a fraction of the oil that would have been obtained 
had the well been located in uninfluenced territory. 


MANAGEMENT OF OIL PROPERTIES TO SECURE MAXIMUM ULTIMATE 

RECOVERY 

It has been shown that gas pressure is the controlling influence in 
drainage of oil sands, and that when the gas pressure is exhausted, com- 
mercial operations by ordinary production methods practically cease. 
If this is true, obviously every effort should be metde by the operator to 
conserve the gas and permit it to flow from the oil reservoir only in 
sufficient quantity to secure oil production. Operating methods that 
permit or encourage the escape of more gas than the minimum amount 
required to bring the oil into the well will reduce the amount of oil 
which may ultimately be recovered. 
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Effect of Holding Back-pressure on Wells. — One method of oon^ 
serving the gas within the sand and reducing the quantity escaping to 
that necessary to produce the oil^ is found in the practice of maintaining 
back-pressure on the well. For this purpose, the casing head is made 
secure against gas leakage and restrictions are provided in the lead lines 
which build up pressure within the well. Pressure regulating valves, 
various types of gas traps, flow plugs or a partially ‘‘cracked” valve may 
be used for this purpose. This practice results in temporary reduction 
rin the quantity of the oil produced, due to the decreased rate of flow 
of gas and oil toward the well during the time necessary to secure 
equilibrium of pressures within the sand. But after this has been 
accomplished, the former flow is resumed, and comparatively high 
back-pressures may be held on the well without reducing the daily oil 
production. Pressures approaching closely the potential rock pressure 
of the reservoir may be held within the well without seriously reducing 
the rate of oil production. The immediate effect of this practice is to 
reduce the quantity of gas produced with each barrel of oil; and in general, 
the greater the back-pressure held on the well, the lower the ratio of gas 
to oil becomes. The back-pressures that are most effective in increasing 
the efficiency of oil recovery (t.c., ratio of oil to gas) are those which 
reduce slightly the daily production of the well. The higher the back- 
pressure held, the greater seems to be the rate of increase in efficiency of 
production. In this case, the operator must balance the loss in daily 
oil production against the gain in ultimate recovery resulting from 
conservation of the gas. That is, by applying back-pressure, oil produc- 
tion will be extended over a longer period, but the ultimate recovery will 
be greater due to conservation of the gas, and the cost of operation over 
the longer period must be compared with the value of the increased 
ultimate recovery, to determine the extent to which this practice may 
be carried. 

In experimental tests on one well in Oklahoma, ^Hhc back-pressure was 
increased from 0 to 50 lb. per square inch with a reduction in oil produc- 
tion from 23.2 bbl. per day to 18.5 bbl. The number of cubic feet of gas 
produced per barrel of oil was decreased from 230 to 88.4. In the case 
of another well, the gas pressure was increased from 0 to 24 lb. without 
perceptible loss in the rate of oil production, while the gas production 
was decreased from 1,496 cu. ft. per barrel of oil to 778. 

The volume of gas produced per barrel of oil is a factor that few 
operators take the trouble to determine, so that figures arc not generally 
obtainable. It is undoubtedly a quantity which will vary widely in 
different fields, and under different methods of operation. There are 
probably many cases where development of back-pressure on wells would 
\)e inadvisable, particularly where by so doing the oil would be driven 
to offset wells on a neighboring property; but the method would seem to 
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otfer possibilities of increasing ultimate recoveries and of extending the 
period of economic operation. 

A process known as “stop cocking/' which has been applied with 
favorable results in certain of the Appalachian fields, involves periodical 
shutting in of a well to increase pressure in the rock reservoir from which 
the oil flows. Sudden release of the pressure, by opening the stop cock 
at the casing head, causes an increased flow toward the well, which is said 
to more than compensate for the loss in production during the time that 
the well is shut in. Experiments conducted on wells in Oklahoma^^ show 
that this practice apparently increases the present daily production of oil, 
but is wasteful of gas, and probably therefore decreases the ultimate pro- 
duction in comparison with recoveries possible through the use of more 
efficient methods. 

The Time Factor in Oil Production. — Production lost or delayed as a 
result of interruption in pumping service is an important item for con- 
sideration in the management of every oil property. Wells are frequently 
idle for brief periods of time ranging from a few minutes to several days 
or weeks, as a result of failure of the power, breakage of the pumping 
equipment or its connections, lack of storage facilities or other causes. 
Prompt repair work at such times and constant attention to pumping 
equipment to prevent difficulties of this sort are cardinal principles in the 
operation of the well-managed oil-producing property. The amount of 
time so lost will of course vary greatly, depending upon th(j conditions 
under which oil must be produced. In some cases where wells must be 
continually repaired and unconsolidated sands are troublesome, the 
average well may be “on production" for but little more than 50 per cent 
of the time. Under favorable conditions, the operating time may 
approach 100 per cent. 

The production record of an oil property is the composite result 
of the productions of its individual wells, and the operator is chiefly 
interested in individual well records in determining to what extent 
they influence or contribute to the property's total. It is usual for a 
producer to bring his property to a daily production which he considers 
suitable, by the early and perhaps simultaneous drilling of a sufficient 
number of wells to secure the desired rate. This results in a rapidly 
ascending, saw-toothed production curve during the early months, each 
peak marking the completion of a new well. A brief decline in pro- 
duction following each completion is the result of the rapid decline rate 
of the “flush" production of the new wells, the troughs becoming shal- 
lower with each completion, because as the number of wells increases, the 
influence of the new wells' production becomes progressively less important 
in the lease total. Once the desired rate of production is attained, new 
wells are drilled only at such times as they may be needed to maintain 
production (see Fig. 31). That is, new wells are completed from time 
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to time to supplement the declining productivity of the older wells, and 
the lease total remains fairly constant. Drilling to maintain production 
assumes that reserve undeveloped acreage is available, for when the 
property is fully developed, with the maximum number of wells that it 
will support, the total production will inevitably decline. The decline 
characteristics of the property production graph during this final period 
are quite similar to those of an individual well when well advanced on 
the course of its “settled'' production, that is, it exhibits a slow and 
rfairly uniform rate of decline. 

The alternative method of early and complete development of the 
property by the drilling of all of the wells at once, or during a compara- 
tively short period of time, should theoretically produce a greater volume 
of oil ultimately, but is seldom feasible because of the added cost of the 
drilling equipment and working capital necessary to drill all of the wells 
at once. However, such a procedure would drain the property in a 
shorter period of time, greatly reducing the interest and other standing 
charges; and would give all of the wells the advantage of maximum gas 
pressure in accomplishing extraction of the oil. The property production 
graph in this case becomes quite similar to that of an individual well. 

Drilling to Maintain Production. — It is apparent that when the first 
plan of development outlined above is followed, a more or less constant 
drilling campaign is in progress throughout the greater part of the pro- 
ductive life of the property. Since the initial productions of later drilled 
wells will decrease due to decline in the gas pressure, it follows that a 
constant rate of drilling will fail to maintain production, it being neces- 
sary to increase the frequency of well completions as the property 
approaches full development. If the property is a large one and the pro- 
duction is contributed by a great many different wells, it may become 
difiScult or even impossible to keep pace with the declining production. 

A method for estimating the number of wells to be drilled to maintain 
production on a given property has been proposed by M. E. Lombardi. 

A period in the property production curve is selected when the production 
remained fairly constant; the number of wells producing at the beginning 
and end of the period is determined and the percentage increase is com- 
puted. Lombardi's estimates for the percentage annual increase for 
the Coalinga field, California, was 9.33 per cent; and for the Midway- 
Sunset field of California, 14.8 per cent. He found that in 1914 it cost 
$40,000 per year for each 1,000 bbl. of daily production, to maintain the 
output of the average oil property in the fields mentioned. 

Decline in Initial Production of Wells and Its Significance. — ^As 
indicated above, the initial production of wells drilled on a given property, 
or within a Umited area, decreases progressively from the first wells drilled. 
This is occasioned by partial drainage of the sands by the earlier drilled 
wells, and particularly, by dissipation of the gas pressure. There are 
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many apparent exceptions to this general rule, in fields where the produc- 
ing sands are not of uniform texture. * Occasionally the early wells are 
drilled in less productive portions of the field, or perhaps are improperly 
finished. Later wells located in more favorable positions, and drilled 
with full knowledge of the position of the productive sand and of the 
character of strata to be penetrated, develop greater initial productions. 
However, once a field has reached such a stage of development that its 
boundaries have been fairly well determined and the productive possi- 
bilities of different areas within it are understood, the peak of initial pro- 
duction will have been reached, and thereafter will rapidly decline. 

The effect that a well will have in draining the area about it, and its 
influence on the productivity of subsequently drilled wells in its vicinity, 
will depend upon the time elapsing between its completion and the 
finishing of the later drilled wells; also, upon the spacing and the rapid- 
ity of movement of the gas and oil through the sand. This latter 
factor is dependent upon the gas pressure, the coarseness and porosity 
of the sand, and the viscosity of the oil. 

Practice varies in the manner of rating the initial production of new 
wells. Some operators give the first days' production of a well as its 
initial rate, while others give the daily rate of production 30 days later. 
Since the production of the first few days or weeks is often erratic, the 
latter method seems preferable. Initial productions are always expressed 
in barrels per day. 

Influence of Well Spacing on Ultimate Production. — The subject of 
well spacing has already been discussed in its relation to the development 
of oil properties (see page 79). It also has an important bearing on the 
subject matter of the present chapter. One of the most important 
factors controlling the rate and ultimate production of oil from a property 
is the number of wells drilled upon it. Widely spaced wells do not influ- 
ence each other's productions to the same degree as do closely spaced wells 
and consequently they decline less rapidly. That is, wide spacing tends 
toward long life and slow decline, and close spacing results in short life 
and rapid decline. Since spreading the production over a longer period 
usually means inefficient use of the gas pressure, close spacing and a rapid 
rate of production result in maximum ultimate recovery. Considerations 
of oil price and cost of operation and development enter as important 
factors in determining economic spacing. These have been adequately 
discussed in Chap. IV. 

The economic number of wells to drill on" a given property is 
determined by balancing the total cost of producing oil — ^including 
development charges — against the total amount for which the oil pro- 
duced can be sold, due allowance being made for deferrence of revenue in 
computing the present-day values. The cost of extraction does not 
increase uniformly with the percentage recovery, but in most cases 
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increases rapidly as the higher percentage recoveries are attained. In 
most cases, therefore, it is not profitable to secure the maximum quantity 
of recoverable oil, greater profits being realized on a lower percentage 
extraction, because the production costs are lower with the less complete 
recoveries. 

With high ultimate production per acre and a higher price for oil, 
wells can be more closely spaced. The influence of future oil price 
on well spacing js especially significant. If it be assumed that oil prices 
during the later years of the productive life of a property are likely to 
increase greatly, it will often appear that a given property may support 
double the number of wells which present-day oil prices would justify. 
The question of whether 64 or 100 wells should be drilled on a section of 
land would thus be answered by determining whether or not the addi- 
tional oil recovered and the earlier returns on the investment would 
compensate for the cost of drilling and operating the additional number 
of wells; but the most uncertain factor in such a computation is the 
future selling price of oil. 

Table XXXVII illustrates the difference in ultimate production per 
well and difference in ultimate production per acre due to variation in 
spacing of wells. These figures were assembled from the average produc- 
tion decline curves of all available records of wells and properties in the 
two fields mentioned. Each group represents wells producing from 
approximately the same thickness of the same sands, and under 
similar conditions except for spacing. Inspection of these figures clearly 
shows that the ultimate production per well decreases and the ultimate 
production per acre increases with closer spacing. An interesting rela- 
tion appears in both the ratio of ultimate production per well and ratio 
per acre. For example, in the figures for wells of the Nowata district, 
Oklahoma, wells having an initial production of 6,000 bbl. per acre show, 
with closer spacing, a decrease in the ratio of ultimate production per 
well, as follows: 100, 90, 84.5; while wells with an initial production 
of 4,000 bbl. have almost the same rate of decrease: 100 89 84.5. 
A corresponding similarity is noted in the column giving ultimate produc- 
tion per acre. In analyzing these figures, Cutler® concludes that “the 
ultimate production for wells of equal size in the same pool, where there is 
interference, appears to vary directly as the square root of the areas 
drained by the wells.^^ In other words, the recovery of oil from wells of 
equal size in the same field, and producing under similar conditions, is 
proportional to the average distance that the oil moves to reach the well. 
By applying this principle, production decline curves for wells of differ- 
ent spacing in the same sands may be derived from a given production 
decline curve for wells of known spacing. Discounting the annual returns 
to be derived from the property, under different assumed spacing plans, 
will indicate the most profitable interval. 



kANAOEMENT OF WELLS TO SECURE MAXIMUM PmOUCTJON 403 


Tablb XXXVII. — Influence of Spacing of Wells on Ultimate 

Production 


Spacing, 
acres per 

Initial year’s 
production. 

Ultimate 
production 
per well, 

. bbl. 

Ratio of 
ultimate j 
production 

Ratio of 
square root 
of areas 

Ultimate 

production 

well 

bbl. 

per well, j 

drained, 

per acre, 
bbl. 



per cent 

per cent 


Nowata District, Rogers and Nowata Counties, Oklahoma 


10.0 

6,000 

1 

16,900 

1 

100.0 

1 

1 100.0 

1,690 

8.0 

6,000 

15,200 

90.0 

89.5 

1,900 

6.3 

6,000 

14,300 

84.5 

1 79.5 

2,386 

10.0 

4,000 

12,200 

100.0 

100.0 

1,220 

8 0 

4,000 

10,900 

89 0 

89.5 

1,366 

6.3 

4,000 

10,300 

84.5 

79.5 

1,717 

10.0 

2,000 

6,900 

100.0 

100.0 

690 

8.0 

2,000 

6,100 

88.5 

89.5 

766 

6.3 

2,000 

5,700 

82.5 

1 

79.5 

950 


Bartlesville-Dewey District, Washington County, Oklahoma 


15.0 

4,000 

14,800 



987 

10.0 

4,000 

14,200 



1,420 

7.0 

4,000 

14,000 

100 0 

100.0 

2,000 

5.0 

4,000 

11,300 

81.0 

84.0 

2,260 

3.0 

4,000 

9,750 

70 0 

65.0 

3,250 

1 . 5.0 

2,000 

7,770 



513 

10.0 

2,000 

7,770 



770 

7.0 

2,000 

7,770 

100.0 

100.0 

1,100 

5 0 

2,000 

6,100 

78 5 

84.0 

1,220 

3.0 

2,000 

5,180 

67.0 

65.0 

1,727 

15.0 

1,000 

3,850 



257 

10.0 

1,000 

3,850 


/ 

385 

7.0 

1,000 

3,850 

100.0 

100.0 

550 

5.0 

1,000 

3,160 ! 

82.0 

84.0 

632 

3.0 

1,000 

2,630 

68.0 

65.0 

876 
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Table XXXVIll. — ^I nfluence of T2me of Drilling on Ultimate Pbosuction 


Tract No. 

Area in 
acres 

Year drilling 
began 

Ultimate pro- 
duction per 
acre, bbl. 

Loss per acre in 
comparison with 
earlier drilled 
wells, bbl. 

' Adair Pool, Nowata County, Oklahoma, 

' Within 480 Acres: 




1 

160 

1909 

930 


2 

160 

1912 

678 

27 % in 3 yr. 

In Two Adjoining Tracts: 

3 

60 

1906 

3,240 


4 

40 

1907 

2,946 

9 % in 1 yr. 

Bartlesville-Dewey District, Oklahoma 

lin Four Adjoining Sections: 




5 

40 

1905 

5,785 


6 

190 

1906 

2,700 

53 % in 1 yr. 

7 

200 

1907 

1,926 

29% in 1 yr. 

8 

80 

1908 

1,435 

25% in 1 yr. 

9 

30 

1910 

1,152 

20% in 2 yr. 

In Four Adjoining Sections: 

10 

40 

1907 

3,521 


11 

170 

1909 ! 

1 

2,560 

27 % in 2 yr. 

In Four Adjoining Sections: 

12 

340 

1905 

3,050 


13 

235 

‘ 1907 

2,880 

5 % in 2 yr. 

14 

50 

1910 

2,520 

12 % in 3 yr. 

Nowata District, Rogers and Nowata Counties, Oklahoma, in Two Adjoining Sections 

15 

90 

1910 

4,291 


16 

100 

1911 

2,189 

49% in 1 yr. 
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Time of Drilling and Its Influence on Ultimate Production. — ^The time 
at which wells on a given property are dnlled, in comparison with the time 
of surrounding development, has an important bearing on both their 
initial and ultimate productions. Early wells in the district, receiving 
the benefit of maximum gas pressure, attain the higher initial produc- 
tions and ultimate recoveries, while later drilled wells suffer considerable 
losses in comparison. Cutler® gives the data of Table XXXVIII, showing 
the effect of time of drilling on ultimate recovery. • 

Mr. Cutler also cites other examples illustrating the loss that results , 
from delay in development : In the Buena Vista Hills region of the Midway 
field of California, the ultimate recovery for a certain fully developed 
tract is estimated to be 24 per cent less than that of an adjoining similar 
tract, due apparently to a delay of 2 yr. in drilling. Again, in the Hewitt 
field. Carter County, Oklahoma, four wells on 10 acres all had initial 
productions in excess of 500 bbl. per day. One and one-half months 
later, a neighbor’s offset came in with an initial production of only 220 
bbl., while 4 mo. later another offset was completed with an initial produc- 
tion of only 120 bbl. The loss due to IJ'i mo. delay in drilling was 63 
per cent and with 4 mo. delay reached 73 per cent. 

The loss sustained by the operator through delay in development will 
vary with the extent of surrounding development, the size of the pool, the 
comparative size of the undrilled area, the extent of delay in drilling and 
the degree of protection which the operator has secured through the 
drilling of offset wells. 

Economic Life of Wells. — The period over which profitable operation 
of a well may extend is dependent upon a number of variables, some more 
or less indeterminate. The life of a well may be approximated by pro- 
jecting the decline curve to the assumed minimum rate of profitable pro- 
duction. Normal decline in production will progressively reduce the 
output to smaller and smaller levels, approaching but never, within prac- 
tical limits, quite reaching zero. It has been shown that decline is rapid 
during early months, the rate of decrease becoming smaller as the well 
becomes older. The minimum production rate to which operation of 
the well may be profitably carried depends upon the cost of operation 
and the selling price of the oil; and because of the slower decline rate 
toward the close of the productive life, a relatively small change in the 
minimum profitable rate of production may greatly prolong the economic 
life. Thus, a well that declines from 100 bbl. per day to 10 in 3 yr. may 
decline to 1 bbl. daily in 7 yr. more, and to Ko bbl.' per day in an addi- 
tional 20 yr. A reduction from 1 to Ho bbl. in the assumed minimum 
profitable rate of extraction may thus treble the life of the well. 

In 1914, when California heavy crude was worth 32 cts. per bbl., 
certain weUs producing less than 5 bbl. per well per day were unprofitable, 
but the same wells in 1921, when oil sold for $1.60, were profitable, though 
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their productions had fallen to only 2 bbl. per well per day. The grade 
of oil produced also has an impoHant bearing upon the economic life of 
a well. While in 1920 the average California well could not be profitably 
operated for much less than 2 bbl. per well per day, if the same wells had 
been producing one of the better grades of Pennsylvania crude, which at 
that time sold for nearly $6 per barrel, operations could have been con- 
ducted at a profit for only bbl. per well per day. Shallow wells in 
the Appalachian region, because of the high value of their product and 
, the low cost of operation, are sometimes operated for but a few gallons 
of oil daily, perhaps being pumped for only a few hours every week, the 
small productions not justifying continuous operation. 

It is common for appraisers who have particular need for information 
concerning the economic lives of wells to assume that advancing oil 
prices will within the anticipated life of present producing wells make 
profitable a production of 1 bbl. per well per day. On this basis, Lewis 
and Beal® estimate that wells in the Bartlesville field, Oklahoma, have a 
probable life of from 13 to 15 yr.; those of north Texas and Louisiana 
(except those of the Ranger field), 15 to 20 yr.; those of southeastern 
Ohio, 10 to 15 yr.; those of the San Joaquin Valley of California, 20 to 
25 yr. 

It can be demonstrated from the Law of Equal Expectations, which 
indicates that wells of the same output have the same future expectations 
regardless of their ages, that within the same district wells of large initial 
production will have a longer life than those of smaller initial production. 

The law of equal expectations, as advancx^d by Beal, Lewis, Nolan, 
Darnell and others, states that within the same pool wells of equal out- 
put, regardless of their relative ages, will in future have approximately 
similar decline curves, equal lives and approximately equivalent ultimate 
productions. Lewis and BeaP have stated the law as follows: “If two 
wells under similar conditions produce equal amounts during any given 
year, the amounts they will produce thereafter, on the average, will be 
approximately equal, regardless of their relative ages.^^ Application of 
this theory, for example, would indicate that a well completed 5 yr. ago 
and now producing 100 bbl. of oil per day will have the same future 
production as a second well in the same locality and producing the same 
amount, which may be just entering upon its productive life. 

While many factors have a bearing on the future production of a well, 
it appears that the production of the well itself is an expression of the 
many complex variables involved. Rome of those factors, such as the 
porosity and saturation of the sand, rock pressures and resistance to 
movenjicnt, are indeterminate; but their resultant is measured by the 
welFs decline curve. If the conditions which have influenced past 
production remain unchanged in future time, the future production will 
approximately follow the projection of the decline curve. The decline 
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curve ii^ then, in effect, a graphical solution of the mathematical equation 
ill which all of the physical conditions surrounding the well find expression. 

Though the truth of this law of equal expectations is now generally 
accepted, and while it has been checked by numerous applications in all 
of the American fields, it must be recognized that many of the variables 
influencing production of wells are subject to change by man; and it is 
therefore not always safe to assume that they will remain constant. 
Failure to keep the wells in good condition may cause a decrease in 
normal output. Intensive drilling may develop interference between ' 
wells, which will influence future production. Influx of water may 
abruptly terminate the productive life of the well. Application of vacuum 
or compressed air to the wells, as described in the latter part of the present 
chapter, will artificially prolong the productivity of wells and increase 
their ultimate productions. 


Maintenanck of Wells and Pumping Equipment 

This is a matter that must receive close attention if the maximum 
ultimate production of oil is to be secured. Problems associated with the 
handling of unconsolidated sands which tend to enter the well, of pre- 
venting water incursion, maintaining a free passage for oil through the 
screens and perforations as well as the wall rocks immediately surround- 
ing the well, are of vital importance, since continued production may 
depend upon a satisfactory solution. Maintenance and proper operation 
of the pumping and well equipment is of equal importance, if best results 
are to be attained. 

Fluid Level and Its Influence on the Rate of Production. — Operation 
of well pumping equipment has been discussed in some detail in Chap. 
XII, as well as the manner of conducting the usual repair work. It is 
important that the relation of fluid level to the rate of production and effi- 
ciency of extraction be carefully studied for each well. It is obvious that 
the maximum rate of oil production will be realized with the lowest possi- 
ble fluid level in the well, for the static pressure of the accumulated oil 
directly resists the expulsive forces within the sand. 

While maintenance of a high fluid level within the well will partially 
reduce the flow of fluids, it may conceivably exercise a beneficial restraint 
on the admission of water and gas, without influencing to the same degree 
the flow of oil, thus preventing water incursion and conserving gas. Also/ 
if sand tends to flow with the oil into the well, a high fluid level is beneficial 
in preventing its movement. Even though maintenance of a high 
fluid level reduces to some extent the quantity of oil produced, the 
advantages gained through better control of gas, sand and water may com- 
pensate for loss in production. 
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Detemdnation of the proper ^ate of pumping is also dependent upon 
consideration of the most desirable fluid level, since this has a controlling 
influence on the well’s productivity. That is, the length of stroke and 
number of strokes per minute of the pump must be adjusted to keep pace 
with the productivity of the well at the fluid level desired. The stroke 
and speed of the pump must also be adjusted in conformity with its size 
and submergence and with due regard to the viscosity of the oil. The 
space between the valves must be entirely filled with oil on each up stroke 
' of the pump, otherwise the plunger '' pounds” on the down stroke — condi- 
tions favoring the formation of gas pockets — and the efficiency of pumping 
rapidly falls off. If the wells do not produce enough oil to operate the 
pump at full capacity, pumping should be discontinued at intervals to 
allow it to accumulate. Some wells produce only a few gallons of oil 
per day, and are pumped for only a few hours once or twice a week. 

If the pump is adjusted to operate properly under a certain fluid level, 
and due to too rapid pumping the fluid level falls, obviously the pump will 
fail to receive its full quota of fluid at each stroke, thus encouraging 
admission of air or gas to the working barrel. If the well produces water, 
it is particularly important to maintain ample submergence and 
a short, slow stroke of the pump, in order to prevent the formation of 
emulsions. 

Efficiency of the pumping equipment is important, not only from the 
standpoint of power conservation, but also to insure the removal of the full 
production of the well. The speed and stroke of the pump are adjusted 
to keep pace with the productivity of the well, when operating efficiently. 
If later the valves, plunger or working barrel become worn, or there is a 
change in fluid level, or leaks develop in the tubing, obviously the capacity 
of the pump at its original speed and stroke will be decreased. That is, 
the pump will fail to keep pace with the well’s production. Rise in the 
fluid level which results in this case will compensate to some extent, but 
this in turn operates to reduce the flow of oil from the sands. Increase 
in pumping speed will in part offset pump inefficiency, but this in turn 
leads to increased wear, increased power consumption, the formation of 
emulsions and other difficulties. The obvious remedy is to properly 
maintain the pumping equipment to a suitable working efficiency. ^ 

Cleaning the well at sufficiently frequent intervals to keep the space 
within the casing free from accumulated sand is also essential in securing 
maximum drainage. It is important that sand be not permitted to 
accumulate within the well to such an extent that it prevents free access 
of oil from the full thickness of the productive stratum. If an oil sand 
60 ft. thick is penetrated by a well and the lower 30 or 40 ft. of it is 
inundated by accumulated sand within the well, clearly, it cannot main- 
tain its maximum output. Some oil may rise through the accumulated 
sand from the lower portion of the stratum, but the flow will be slight in 
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comparison with that obtainable when the well is open to its full depth. 
Wells are preferably drilled 10 or 20 ft. into the formation underlying the 
oil stratum, unless there is danger of encountering bottom water, in order 
to provide a pocket in which sand may accumulate without cutting off 
production. As often as sand accumulation may warrant, the tubing 
rods and pump are drawn and the pocket bailed out. 

Securing deduction from Unconsolidated Sands. — If the sands are 
fine in texture and unconsolidated, they may flow readily with the oil 
into the well, and their removal may be the cause of frequent interruption ^ 
in pumping service. Often a close study of the size and shape of sand 
grains will suggest a type of screen that will be effective in preventing 
influx of all but the finest sands, which can be readily handled with the 
plunger pump. In other cases, application of a moderate back-pressure 
on the well will hold the sand in place without greatly restricting the flow 
of oil. 

W. H. Kobbe advocates® operation of wells producing from unconsoli- 
dated sands in such a way as to encourage movement of sand into the 
well. He argues that even if the material could be successfully held back 
by screening, it tends to clog the wall rocks surrounding the well until 
movement of oil is largely prevented by a mass of closely packed, drained 
oil sand. Considerable percentages of sand may be successfully handled 
with the plunger pump or with the air lift, and if the sand is encouraged 
to enter the well, it may be lifted to the surface and more efficiently 
drained in sumps. Removal of sand from about the wells leaves open 
spaces and channels which further assist oil drainage. While such a 
method would probably result in more efficient drainage of the sands 
immediately surrounding the well than is otherwise possible, the 
mechanical difficulties encountered in raising and disposing of large 
volumes of sand with the oil would b(^ troublesome and costly. Further- 
more, the development of cavities about the wells leads to shifting of 
sands with consequent parting, collapsing and bending of the oil strings 
and liners, and probably also to caving of the cap rock, which may allow 
water incursion, loss of oil and gas, and extensive earth movements, which 
may occasion loss of the well. Such difficulties have been common in 
certain California fields where large volumes of sand have been pumped 
to the surface with the oil (see Fig. 238). 

Prevention of water incursion depends largely upon the effectiveness 
and permanency of cementing and other exclusion methods undertaken 
during the drilling of the well. These have been adequately described in 
Chap. IX. However, water exclusion is a matter of vital importance 
throughout the productive life of an oil property, as well as during the 
development period. Indeed, certain phases of the water problem are 
characteristically associated with the later years of declining productivity 
(see page 299). 
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Water incursion or encroachment influences the ultimate recovery of 
oil in several ways. If it has its source in strata under higher pressure 
than the oil sand, it may accumulate in the well and oppose flow of oil 
from the sands. In extreme cases it may even cause flow from the well 
into the oil sand, thus reversing the direction of flow of fluids and cutting 
off all production. Such action may be mitigated by pumping the water 
to the surface as rapidly as it enters the well, but this results in increased 
cost of operation. Increase in operating cost, in turn, reduces the amount 



Fig. 238. — Accumulation of sand brought to the surface by oil flowing from a well. 


of recoverable oil, since wells may not be profitably pumped to so small a 
yield, and the economic life of the well is reduced. Again, oil sands in 
contact with water do not yield their oil readily. Oil will not flow under 
low pressures through a water-wet sand. Hence, if the wall rocks become 
saturated with water, it may become difficult to bring about flow of oil 
into the well, even though the surrounding rocks contain oil under slight 
pressure. Loose sand in contact with water does not flow as readily as 
it does when suspended in clean oil, hence water causes difficulty in the 
well in facilitating the formation of sand ‘‘bridges,” sand-packed working 
barrels, frozen oil strings and other difficulties of a serious nature. 
Certain types of ground waters in contact with iron and steel tubing and 
pump parts cause rapid corrosion, necessitating frequent replacement of 
well equipment. It is claimed by some producers that the presence of 
water is responsible for slight changes in density and viscosity of the oil 
produced, to the detriment of its market value. Then too, if water is 
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present, there is always the possibility of the water becoming emulsified 
with the oil, with attendant difficulty arid expense in dehydrating the mix- 
ture after it is pumped to the surface. Obviously, it is to the advantage 
of the operator to prevent the admission of water to his wells by every 
possible means. 

Many producers find it advantageous to keep a continuous record of 
water production for each well, showing the amount or percentage of 
water contained in the well fluid. Such a record is conveniently kept 



Yoart 

{After A. W. Ambrose in U. S, B. Mines Bull. 196). 

Fig. 239. — Illustrating the influence of water production on oil production. 

in graphic form (see Fig. 239). If a well produces water, it is usual for 
the quantity of water pumped per day to remain fairly constant, though 
the percentage of water in the well fluid gradually increases because of 
normal decline in oil production. If the quantity of water pumped 
shows sudden or rapid increase, it is indicative of a condition that 
requires prompt remedial measures, if such are possible. 

Casings gradually corrode, or cement plugs may disintegrate and 
eventually admit ^Hop” or bottom^' water. Such conditions may be 
remedied by repair operations. Encroaching edge water will, gradually 
increase the quantity of water pumped from the wells. This is indicative 
of approaching exhaustion, for which there is no remedy, though in thick 
oil sands of low dip it will often happen that the water is at first confined 
to the lower levels of the productive horizon, and progressive plugging of 
the wells with small quantities of cement will greatly reduce the amount 
of water to be pumped (sec page 276). 

A process of “skimming,^’ in which the pump is suspended near the 
surface of the well fluid, is said to be effective in accomplishing a certain 
degree of selective segregation of the two fluids within the well. That is, 
only the oil is removed, leaving the water column in the bottom of the 
well undisturbed. Some of the wells in Mexico have been operated by 
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this process after edge water has ^'broken in/' though at greatly reduced 
output. It is important under these conditions, that wells be not 
pumped too rapidly else water cones will form about the wells, eventu- 
ally cutting off all oil production. 

A somewhat similar method has also been used in certain areas in the 
Kern River field of California, which produced large quantities of water, 
though in this case investigation showed the water to be foreign to the oil 
sand, and it wafi necessary to remove the water to prevent the oil sands 
,from becoming entirely inundated. Certain down-dip '‘key" wells were 
equipped with air lifts of sufficient capacity to depress the water table 
over a considerable area. These were operated solely to keep pace 
with the influx of water, and produced but little oil. As a result of this, 
other wells more favorably situated in up-dip locations were pumped in 
the usual manner for oil, and were able to continue production without 
pumping excessive amounts of water. Some wells were equipped with 
both a plunger pump and an air lift, the former being operated as a 
skimming device with low submergence, while the air lift was placed near 
the bottom of the well to remove the water. 

RedrilUng Jobs. — Extensive repairs requiring use of the cable drilling 
tools arc occasionally necessary in maintaining wells at their maximum 
rate of production. Quantities of heaving" sand may suddenly flow up 
through the bottom of the casing or through the perforations, burying 
the pump and filling the lower part of the well. Though the bailer is 
frequently all that is necessary to remove such material, occasionally the 
sand packs and the drilling tools must be employed. (Collapsed, cor- 
roded or parted casings and liners have to be withdrawn and repaired, 
perhaps requiring heavy pulling due to accumulated wall “friction," and 
permitting partial caving of the walls, material from which plugs the 
lower portion of the well. If a water shut-off becomes ineffective and 
water finds its way into the well below the shoe of the water string, it may 
be necessary to cement a smaller column of pipe at some lower depth, 
requiring withdrawal of the lower strings and lining the lower portion 
of the well with pipe of smaller diameter. Such work may extend over a 
period of several weeks or months, during which time no production is 
had from the well. In preparation for it, a certain amount of re-rig- 
ging is usually necessary, often involving the installation of a more 
powerful engine than is used for ordinary pumping service. 

After redrilling, wells often resume production with increased vigor, 
due in part to accumulation of oil and gas about the well during the 
period of idleness, and also to the removal of spent sand and accumulated 
sediment from about the well screens and liner. Occasionally redrilling 
operations result in loss of production, the sands apparently lacking 
sufficient gas pressure to clear the pores of the wall rocks of loose material 
with which they become clogged during the process. 
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Deepening wells involves procedure and equipment quite similar to 
that made use of in redrilling operations. In this case, however, the 
object is to penetrate to greater depth than the well had previously 
attained. Such work may be done many months or years after the 
original completion of the well, and in some cases represents a consider- 
able increase in development expense. A well drilled into a high-pressure 
oil sand must frequently be allowed to produce for a time before the gas 
pressure is sufficiently reduced to permit of proper completion. Perhaps 
the well originally penetrated only a few feet of the oil sand, when flow ^ 
of high-pressure oil and gas made it inadvisable to attempt to drill 
through the full depth of the productive zone. Deepening of wells is 
frequently necessary also, when production is sought from lower sands 
the existence of which was, perhaps, unsuspected during the early period 
of development. If there are several oil sands or zones with intermediate 
water sands, it will normally be impossible to produce from more than 
one at a time, and it is customary to exhaust each sand in turn before 
deepening the wells to produce from progressively lower horizons. 

Abandoning Wells. — When wells no longer produce sufficient oil and 
gas to repay the cost of operation, and it seems probable that they can 
never become profitable j)roducers at any future time, they should be 
abandoned. This involves salvaging as much of the casing and well 
equipment as it may be possible to recover, and the provision of adequate 
protection to prevent water from entering the oil zone and the waste 
of oil and gas (see page 298). Withdrawal of the casings usually requires 
heavy pulling, and some sections of the pipe may be so securely ‘‘frozen'^ 
to the walls that it is impossible to remove them. In this case, and also 
in freeing the upper portions of water strings from cement plugs, it is 
customary to make free use of casing cutters, rippers and explosives. 
Frequently much of the casing must be left in the well, and often a large 
part of that withdrawn has been so badly corroded in service, or damaged 
during the process of removal, that it is of little use for any other 
purpose. 

In order to seal off the productive sands and prevent subsequent water 
incursion which may threaten the existence of neighboring wells, it is 
necessary to plug the abandoned well. This is best accomplished by 
filling it with cement from the bottom to a point above the top of the 
oil zone. This is done after the removal of the liner or oil string, but 
before the upper strings are withdrawn. 

In certain states it is provided by law that wells be plugged before 
abandonment as a precaution against flooding of oil sands, and for the 
protection of other wells in the vicinity. In California, for example, an 
operator wishing to abandon an unprofitable well must give formal 
notice of his intention to the State Oil and Gas Supervisor, who prescribes 
the manner in which the work shall be done. The cost of cement plugging 
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and other work incidental to the abandonment of a well may involve 
considerable expense — ^frequently in excess of $1,000. The value of the 
salvaged casing will usually compensate for this expense, however. 
Some operators object to the expenditure of such sums on wells 
from which there will be no further return, but as a measure of protection 
to other operators, these regulations are fully justified. Furthermore, 
when one considers that present-day methods of production fail to recover 
a large percentage of the oil in the sands, it seems proper that operators 
.. should be required to conserve the unrecoverable content for future time 
in which more efficient methods of extraction may be employed. Since 
higher oil prices and more efficient methods of extraction arc not impos- 
sible in the near future, operators should give due consideration to such 
possibilities before a decision to abandon a well is reached. Some 
operators carry wells on their records as^'idle producers^' formany months 
or even years, before they are definitely abandoned. 

Removal of Accumulated Paraffin from Wells. — Wells producing 
paraffin oils require occasional cleaning to remove solid parafiin wax 
which accumulates in the pores of the wall rocks, about the screens and 
perforations or in the tubing and pumping equipment. This accumula- 
tion is often due to the chilling effect of expanding gas, but in some cases 
is simply the result of contact with air or loss of the lighter constituents 
of the oil by evaporation. 

Removal of accumulated paraffin may be accomplished by dissolving 
it in hot oil or gasoline, or by melting it with heating devices. Solution 
methods are commonly employed, oil or gasoline being heated in a tank 
equipped with steam coils, and pumped into the well through a column of 
tubing. On the lower end of the tubing a tee is placed which deflects 
the stream of hot oil directly against the screens and perforations. The 
column of tubing is slowly raised and lowered and turned while the pump 
pressure is applied, thus bringing the heated oil into contact with all 
parts of the well equipment. On passing through the screens, the oil 
finds contact with the wall rocks and removes much of the adhering 
paraffin. The solvent oil is pumped from the well while still warm, 
carrying the wax with it in solution. 

Melting wax in the wells may be accomplished through the appli- 
cation of steam, heated billets of iron or steel or by electrical heating 
devices. Live steam is applied. through tubing in much the same manner 
as heated oil. Heated steel billets are lowered in the bailer. Electrical 
heating devices have often been proposed for this work, but are rarely 
used because of their costly construction, difficulty of transmitting the 
current into the well and the absence of electric power in many oil fields. 
Melting the wax within the pores of the oil sand may seal them more 
securely unless there is sufficient gas pressure to force the paraffin into 
the well while it is in the molten condition. 
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Methods op Increasing the Recovery op Petroleum 

The inefficiency of our present methods of extraction have led many 
producers to interest themselves in devices and methods for increasing 
the recovery. Methods that have been applied with some measure 
of success include the application of vacuum to the wells, the application 
of compressed air, flooding the oil sand with water and the driving of 
tunnels and shafts into the producing stratum to secure greater drainage 
surfaces than are possible in wells. It is to such methods that we must 
look for that increased efficiency in oil production that future generations • 
will demand. 

Vacuupi Pumping. — It has shown that gas pressure is the principal 
cause of oil drainage, and that when the gas is exhausted, well productions 
decline to negligible amounts. That is, differential gas pressure between 
the sand and the well is the chief cause of flow, and consequently when 
gas pressure within the sand approaches atmospheric pressure, flow 
ceases. If by any practical means this differential pressure may 
be increased, flow will be prolonged and a greater ultimate recovery of 
oil will be obtained. We may increase the differential pressure either by 
adding pressure to the oil in the sands, or by subtracting it from the pres* 
sure within the well. In other words, the application of 10 lb. of negative 
pressure or vacuum to the well produces the same result as the addition 
of 10 lb. to the gas pressure within the sand. 

It has become the custom of operators, particularly in certain of the 
eastern and mid-continental fields of the United States, to apply vacuum 
to their wells after natural gas pressures have become nearly exhausted, 
causing immediate increase in daily production to several times the former 
amount. The production of a well may be so stimulated by this treat- 
ment that at the previously established rate of decline it may continue in 
operation for several years beyond its normal life, provided that the 
reduced pressure is maintained (see Fig. 240). 

The vacuum pumps used in reducing pressure within the wells are 
usually driven by gas engines, vacuum pumping being productive of 
considerable quantities of gas. This gas is rich in gasoline-forming 
vapors, and is available for power purposes after being stripped of its 
gasoline content in absorption or compression and refrigeration plants. 
Theoretically, a gas pump should be capable of developing a vacuum 
or negative pressure of about 1 atmosphere, oi 14.7 lb. per square inch 
at sea level (less at higher elevations). Practically, however, —13 lb. 
seems to be about the lower limit for well-designed pumps, and when 
the pumps have to be connected by piping with wells at some distance 
away, leakage makes it practically impossible to maintain a lower 
vacuum on the wells than — 12 lb. per square inch. 

Though it is thoroughly practicable to prolong the life and increase 
the yield of wells through the application of vacuum, it is an expensive 
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process, and the increased yield of oil will seldom repay the cost. Con- 
siderable expensive plant must be provided and the operating costs are 
high. Well repairs are frequent because of the tendency of the walls to 
cave and of floating sand to enter and clog the well openings. The 
additional production gained through the use of vacuum is short-lived. 
Often the production of oil is doubled or even trebled when the process is 
put into use, but this favorable effect seldom lasts for more than 2 or 3 
yr., when the production declines to its former level. 



Fig. 240. — Production graph of a property in the C’hesterhill Field, Ohio, illustrating the 
effect of vacuum pumping and compressed air in increasing production. 


The chief reason for use of the vacuum process is foqnd in the 
additional quantity of gas secured from the wells with the oil. As 
explained above, this gas is unusually “wet,'' and is valuable as a source of 
casing head gasoline. In fact, the process is used primarily in stimulating 
gas production for this purpose, and the additional oil produced is generally 
considered as a by-product. Probably the majority of natural gas gaso- 
line plants in the mid-continental fields and in the fields east of the Missis- 
sippi River use gas from vaeuum-pumped wells. To a considerable 
extent, this industry may be said to be dependent upon vacuum pumping 
for its gas supply, and higher gasoline prices promise to give further 
stimulus to the vacuum pumping process. It is said to have been 
particularly profitable in some of the Oklahoma fields during recent years. 

Once vacuum is applied to a well, it must be continued, or the well will 
produce nothing; for when the vacuum is relieved, air flows into the oil 
sands to equalize the pressures and oil is driven away from the well. 
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This is one of the practical difficulties oi the process, for whenever repairs 
are necessary in the well, air must be admitted to the sands, and on 
resumption of operations several days of/pumping under suction^are 
necessary before the former flow of oil is regained. Vacuum pumping, if 
used at all, must usually be applied to all of the wells on a property, for 
the low-pressure wells will soon secure most of the oil that might other- 
wise enter wells not so pumped. This means that if one operator in a 
field places his wells under vacuum, his neighbors must *also do so, as a 
means of protecting their properties against drainage, (/ompetition of* 
this sort leads to premature use of the method, which, as explained above, 
is costly. Agreements are sometimes reached among all of the operators 
in a field, to refrain from vacuum pumping until the members of the 
group as a whole arc ready to adopt it. 

Application of Pressure to Oil Sands.— As explained above in con- 
nection with vacuum pumping, an increase in the differential pressure 
between the oil stratum and the well may be obtained cither by reducing 
pressure within the well or by increasing the pressure within the oil 
reservoir. An instance of successful application of the latter principle 
is found in the use of compressed air to increase the pressure within oil 
sands in the fields of southeastern Ohio and West Virginia. This process 
is generally known as the Smith-Dunn process, after the operators who 
first demonstrated its practical value and secured patents governing its 
use, though it is also known as the Marietta process because of its first 
extensive use near the town of Marietta, Ohio. In 1917, it had been 
applied to about 4,000 wells on more than 90 producing properties. The 
method is described in detail by J. O. Lewis in Bulletin 148 of the U. S. 
Bureau of Mines. 

Various theories have been advanced in explanation of the manner in 
which the air moves the oil. Some operators believe that air displaces 
the oil and pushes it bodily through the sands toward the pumping wells. 
Others assume that air is soluble in oil to some extent, and that the air is 
at least partially absorbed by the oil at points of high pressure where it is 
introduced. Pressure is thus created within the fluid, so that it flows, 
the air being later released when this pressure is reduced. J. 0. Lewis'® 
suggests from experimental evidence, that the oil is probably worked into a 
froth by the air, bubbles continually forming and breaking within the 
pores of the sand and gradually moving the oil toward the pumping wells. 
Much of the energy stored within the compressed air is wasted through 
slippage and “by-passing’^ or channeling of the stir through open passages. 

In the apnlication of this process, compressed air under a pressure of from 40 
to 300 lb. or more per square inch is pumped into the oil sands through centrally 
located wells, thus forcing the rock fluids to other near-by wells that are pumped for 
oil in the ordinary manner. There is customarily one air well for from two to six 
pumping wells, depending upon the character of the producing sands, the spacing of 
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the wells and the pressures under which the pumping wells are operated. From 
5,000 to 20,000 cu. ft. of free air per day is used for each well of a group, including 
the air wells, or an average of about 10,000 cu. ft. per day. That is, 30,000 cu. ft. 
of air is forced into each air well daily when one air well serves two pumping wells. 
This process has resulted in an average daily increase in production to 33^ times the 
previous rate, and in two instances the daily recovery has been increased ninefold. 
Mr. Lewis indicates that in certain fields, through the use of this process, the ulti- 
mate recovery of oil may be increased by from 20 to 50 per cent (see Fig. 240). 

A compressor •capacity of from 1 to 3 hp. per well is necessary for the successful 
operation of this process. The compressor plants are equipped with units ranging 
from 20 to 100 hp.; two-stage machines direct-connected to gas engines being com- 
monly employed, though single-stage compressors are satisfactory when the pressure 
necessary is not in excess of 100 lb. per square inch. Compressed air is distributed 
through mains ranging from 2 to 4 in. in diameter, with 1-in. laterals leading to the air 
wells. A second piping system serves to gather gas from the pumping wells and 
transmit it to the compressor plants where it is consumed chiefly as fuel in the gas 
engines which drive the compressors. 

The usual types of pumping equipment are employed, compressed air being used as 
a source of power. In the fields where the compressed air process has been chiefly 
used, the wells are shallow, and since the quantity of oil to be pumped is generally 
small, pumping heads operated by compressed air are found to be well adapted (see 
page 362). If the wells are deep and must be operated on the beam, power may be 
supplied by a drilling engine driven by compressed air. 

Air is pumped into the air wells, which are cased to the top of the oil sand, a cement 
plug or wall packer being placed on the casing just above the sand, to prevent leakage 
of air into the overlying formations. If the pumping wells are operated under back- 
pressure, they too must be protected by packers placed about the casings just above 
the oil sand. In rare instances, wells under air pressure have displayed a tendency to 
flow, and it is possible that further development of the process may permit of the use 
of a modified form of air lift in which air from the oil sand carries the oil to the surface. 

Experience has shown that it is best to use a considerable number of air wells — 
not less than one air well to four pumping wells, and preferably more. When the 
air wells are widely scattered, the air must travel long distances through the sands, 
occasioning considerable friction loss, and requiring high pressures at the source. 
Furthermore, the equipment and operating cost of an air well are considerably less 
than for a pumping well. Hence, the fewer the number of pumping wells that can be 
used without sacrificing production, the less will be the cost per barrel of oil. In order 
to attain approximate uniformity of pressure within various parts of the producing 
sands, and to prevent channeling or short-circuiting of the air between air wells and 
pumping wells, it is preferable to operate the wells under moderate back-pressure. 
Care is necessary in determining which wells shall be operated as air wells and which as 
pumping wells. It is common practice to force air into the wells which penetrate 
relatively porous portions of the oil sand, while the pumping wells are located in 
“tight” sand areas to prevent waste of air. However, the air wells must be well 
scattered, and the operator will usually find it to his advantage to apply the air 
pressure to his interior wells rather than to aid his neighbors by applying pressure to 
the boundary wells. 

The air pressures necessary have little relation to the depths of the wells, but 
are intimately related to the character of the oil sands and to the viscosity and dis- 
tribution of the oil. The pressure necessary will also vary with the volume of air 
used. An exhausted oil sand, or one containing chiefly low-pressure gas, will offer 
much less resistance than one saturated with oil or water, provided the texture remains 
uniform. Increase in the number of air wells permits of decrease in air pressure 
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because tbe air does not have to travel over such great distances. There is a definite 
relationship that exists between the pressure &d volume of the air and the texture of 
the sand. In thick, open-textured sands, or sands in which conditions are favorable 
for by-passing, the air volume will be large; while in tight sands, high pressures and 
small volumes will be the rule. As drainage of a property progresses, larger and larger 
volumes of air will be required to expel each additional barrel of oil from the sand, but 
the pressures may be progressively reduced since the sands are relatively open and 
there is less resistance to air flow. It appears that the horsepower required per well 
depends upon the thickness and degree of saturation of the sand,;wastage of air and 
general efficiency of expulsion, rather than upon the texture of the sand. 

No detrimental action on the oil by contact with air is noticeable, many operators* 
claiming that the oil is actually of higher Baum6 gravity. No increase in deposition 
of paraffin wax within the wells has been observed, the added pressures apparently 
aiding in forcing the wax out of the sand openings. Forcing air through the sand 
generally increases the volume of water produced with the oil, but this increase is 
proportionate to the increase in oil production, so that the ratio of oil to water remains 
approximately constant. In some cases the air apparently exercises a selective action 
on the water, forcing large quantities into the wells with comparatively little oil. 
Such results, however, are uncommon. Aerated water is found to have a greater 
corrosive action on the well equipment than ordinary ground water. 

The volume of gas produced by the wells is greatly increased by the compressed air 
process. This is due in part to contamination of the gas with air, and in part to the 
evaporative effect of the air on the lighter fractions of the oil. At times the air-gas 
mixture is so lean that it will not bum, but when mixed with additional air, it makes a 
satisfactory gas engine fuel, though the nitrogen content is apt to be higher than in 
ordinary carburetted natural gas. This is probably due to absorption of oxygen from 
the air in the oil sands. Such gas is not as satisfactory for use in gasoline extraction 
plants as ordinary natural gas, though the absorption process is able to obtain a fair 
extraction from it. Precautions must be taken, in using the gas, to avoid explosions. 

J. 0. Lewis^® estimates the initial cost of equipping for operation with the Smith- 
Dunn process to be from $50 to $150 per well, or from $30 to $50 per rated horsepower 
used. These are prewar figures. The cost of operation is somewhat increased in 
comparison with ordinary pumping methods. Some operators estimate an increase in 
operating cost of from 25 to 50 per cent, and in extreme cases the cost per well per day 
is doubled. However, since the oil production is increased by a greater percentage, 
for a time at least, the cost per barrel of production is reduced. 

Up to the present time, the compressed air process has been used chiefly in the 
fields of the Appalachian region, which are characterized by comparatively shallow 
wells producing small amounts of light, mobile oil of paraffin base. It has been 
successful with sands of varying porosity, though it is naturally best adapted to 
fairly coarse, open-textured sands, the response being slower in tight sands where 
a higher pressure is required. It seems probable that the method would not be so 
successful with heavy, viscous oils, nor in lenticular, interbedded or non-continuous 
sands. In some cases failure has resulted through inability of the operator to control 
the air within the oil sand, much of it escaping into overlying formations, or by-passing 
the oil and ‘^blowing through'^ from the air wells to the pumping wells. Whether or 
not the method can be applied profitably in a given field can only be answered by a 
close study of the underground conditions, and in many cases results will be uncertain 
until an actual trial with air pressure is made. 

High-pressure natural gas may be used in precisely the same manner 
as compressed air, with equally satisfactory results. In fact, natural 
gas should be superior to compressed air for this purpose since it is more 
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readily soluble in the oil, definitely improving its quality, and conserving 
the gasoline content and lighter fractions of the oil. Evaporation of the 
lighter fractions of petroleum is not so rapid in an atmosphere of natural 
gas as when in contact with air; and further, the gasoline vapor escaping 
with the gas from the pumping wells may be readily recovered by passing 
it through a gasoline extraction plant. It is also probable that oil in 
contact with natural gas or containing large quantities of it in solution 
has a somewhat lower surface tension; that is, it is less viscous, and it 
^ therefore moves through the sand with less resistance. 

If a source of high-pressure gas is available from formations above or 
below the oil sand, it may be that it could be passed into the oil sand 
through wells, without the necessity of compressing it. If the gas coming 
from the wells is passed through a compression and refrigeration plant 
for the recovery of its gasoline, the dry gas could be piped back to the 
wells and again injected into the sand, the compressor serving the double 
purpose of removing the gasoline and providing the moving force which 
aids in the extraction of oil. Gas may thus be passed in closed circuit 
between the oil sand and the compressors with little loss, except that 
used in furnishing power for the compressors, and leakage losses. Com- 
pressed gas might also be used to operate the pumping wells, as is 
frequently done in fields where high-pressure gas is available. 

While such a process apparently would have many advantages, it is 
rare to find natural gas available in sufficient quantity at the late stage 
in the life of an oil property when methods of increasing declining produc- 
tion begin to interest the operator. It seems probable that returning 
the gas to the sands might prove beneficial during the earlier years of 
productivity, though it is doubtful at this stage whether the small gain 
in production resulting would justify the expense of compression, unless 
gasoline extraction were also considered as an essential part of the process. 

Increasing the Recovery of Oil by Water Displacement or “Flooding.’’ 
Through the accidental flooding of oil sands by failure to properly 
exclude water from wells, it was early discovered^® that oil might be 
driven through the containing sand by water under pressure. Water 
introduced into one well until the fluid level is high enough to apply a 
sufficient hydrostatic head on the oil sand, will cause the water to enter 
the sand and force its way toward other wells where lower pressures 
prevail. In doing so, the water must follow the more open channels in 
which large quantities of oil may be stored; and since oil and water do not 
readily mix, the oil is driven ahead of the water into the low-pressure 
wells. The method is sound in theory, but difficult to put into applica- 
tion in practice, due chiefly to impossibility of controlling the water 
once it is in the oil sand. 

Methods of applying the process differ somewhat in detail, depending 
upon the lithological and stratigraphic conditions. In relatively flat 
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beds, water may be introduced in scattered wells, driving the oil from 
several different points toward a group of pumping wells. In steeply 
inclined strata, water may be simultaneously introduced in a row of wells 
located well down the dip of the structure, in effect floating the oil up-dip 
to the wells nearer the crest of the structure. In practice, the location 
of property lines must receive consideration, and the position of water 
wells so selected as to avoid driving the oil into neighboring properties. 

When water enters an oil sand through a well, it should progressively 
inundate in an ever-widening circle the area surrounding the well. This^ 
assumes that the sands are even in texture and that development on 
surrounding properties has progressed uniformly. This, however, is 
seldom true. Actually, the sands will often consist of lenticular areas 
of tight, close-grained sands, interbedded with relatively porous, coarse 
sands; or certain stratigraphic components of the oil zone will be of 
coarser material and relatively more porous than others. It will often 
be the case that more wells have been drilled on one side of a given prop- 
erty than on others. The result is that the water, following lines of 
least resistance in moving toward areas of lower pressure, will exercise a 
selective action, advancing more rapidly in the coarse, porous strata than 
ill fine, close-grained beds; and moving chiefly in the direction of lowest 
pressure — that is, toward the areas of most intense development in the 
vicinity. 

This movement of water through the oil sands is often very slow — 
perhaps only a few inches per day — while in other cases it is exceedingly 
rapid. Slichter^s data on flow of water through sands (see page 389), 
will give some idea of the differences in rate of flow that may be expected. 
In the Bradford field of Pennsylvania it has been noted that the water 
may penetrate only 200 or 300 ft. from the well in which it is introduced 
during the first year, while in the San Joaquin Valley fields of California 
it is not uncommon for water to flow through the sands from one well to 
another at the rate of several hundred feet per day. 

As the distance from the source increases, the water moves more 
sluggishly, due in part to increased resistance to flow, and in part to the 
wider expanse of sands which it must saturate. In the Bradford field, for 
example, as stated above, the oil advances about 300 ft. during the first 
year following its introduction, but during later years the advance will 
be much less, averaging after a few years about 35 ft. per year. Eventu- 
ally equilibrium is reached and no further movement of the water occurs. 
In the Bradford field, flow of water practically ceases when a distance of 
500 or 600 ft. from the source is reached. 

As the water flood advances toward the pumping wells, they custom- 
arily develop a pronounced increase in oil production, reaching a 
maximum just ahead of the water “wave;” but when the water line 
reaches the pumping wells, production suddenly ceases. Daily pro- 
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ductions obtained from wells witWn the area influenced by the advancing 
water are sometimes increased to 20 or 30 times their previous normal rate 
and in cases whore the rate of encroachment is slow, this enhanced pro- 
duction may continue for many years. 

It is apparent that the oil, in retreating before a flood, will move 
through the channels of least resistance, and in more or less straight 
lines in the general direction of lower regional pressure. The oil, in other 
words, does not flow into the pumping wells from all sides as in ordinary 
production under gas pressure, but enters the well from only one direction. 
Much oil will therefore be swept by a pumping well, which theoretically 
only intercepts one clement of the wave, and to interpose an effective 
screen in the path of the wave, it would be necessary to drill several rows 
of closely spaced wells parallel with its advancing front. In certain of 
the Appalachian fields, where the method has been chiefly developed, the 
advance is only a few hundred feet per year, and operators customarily 
drill wells a sufficient distance in advance of the water line to Secure the 
effect of the stimulated production over as long a period as possible. As 
one line of wells becomes flooded, these are abandoned or converted into 
water wells, and others are drilled further in advance of the wave. 

The best known instance of the practical application of tliis method on a large 
scale is found in the Bradford field of Pennsylvania.^® Here conditions are said to be 
especially favorable, and the process has been in successful use for more than 25 years. 
As indicated above, the movement of water in this field is very slow and uniform, and 
there is ample time to drill and operate wells ahead of the water wave. Wells are 
shallow, and may be drilled at a cost of from $2,000 to $3,000 per well (1915 figures). 
Usually, as soon as one well begins to show water, a new well is drilled a short distance 
ahead, sometimes within 100 ft. It shares in the production obtained from the 
advancing water for 2 or 3 yr., and then it, too, must be abandoned. The increase 
in production gained, in comparison with ordinary pumping methods, depends largely 
upon the distance that the water has migrated from its source. The wells nearest the 
well through which the water enters are often drowned within a few weeks or months, 
with but little increase in production, while wells located further away may produce 
flood oil for years. In many cases wells producing about J f o bbl. of oil daily have had 
their productions increased to from 2 to 5 bbl. daily, an increased rate which may be 
maintained for 2 or 3 yr. before the well goes to water. Occasionally the production 
is increased by as much as 10 or 15 bbl. per day. One well reported to have been 
producing only bbl. daily in 1898, just before the practice of flooding was initiated 
in the locality, was producing 2 bbl. daily in 1916, after producing for 18 yr. under 
flood conditions. Fig. 241 gives a typical production graph for a property in the 
Bradford field, and clearly shows the extent to which flood conditions may rejuvenate 
wells that are approaching the lower limit of profitable production. 

The tendency of water to follow the relatively open channels results in much 
of the oil enclosed within the finer grained portions of the sand being trapped and 
inundated by the advancing flood. The process is therefore inefficient and particu- 
ularly objectionable from the standpoint of conservation of oil resources, because the 
sands are left in such a condition that the oil may not be recovered by any other 
process. Experiments conducted by Lewis^® have shown that even under favorable 
conditions as much as 45 per cent of the original oil content may remain in the sand 



MANAGEMENT OF WELLS TO SECURE MAXIMUM PRODUCTION 423 


alter flooding with w^ter. The cooperation and consent of all operators in the locality 
are necessary before the flooding process may be used^ since admission of water to the 
sands is a matter of general concern. It is directly contrary in principle to the best 
judgment of many operators who have learned to regard water as the producer's 
greatest enemy. At present the method is generally regarded as one which may only 
be applied with success in unusual cases where conditions are especially favorable* 
It should only be used as a last resort, after the oil obtainable by all other possible 
methods has been secured; and where a condition of economic exhaustion of the pro* 
ducing sands has been reached. 
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(After J. 0. Lewis in U. S. B. Mines Bull. 148). 

Fio. 241. — Production graph of a property influenced by flooding, Bradford Field, 

Pennsylvania. 


Mining of Oil Sands. — When the world's petroleum production can 
no longer be maintained by present methods, it is not improbable that 
it will be found profitable actually to excavate the oil sands by under- 
ground mining, hoist them to the surface and extract their oil content 
by retorting, by washing or by the use of solvents. Such methods could 
conceivably obtain a fairly complete recovery of the residual oil left in 
the sand by present inefficient methods. There are no insurmountable 
obstacles to prevent the mining of oil sands by such methods as are 
employed in the extraction of coal. Ventilation would be difficult, and 
the working conditions more or less unpleasant, but it is thoroughly 
feasible, as is evidenced by similar operations conducted in sinking 
shafts and driving drifts through oil sands in the vicinity of Pechelbronn, 
Alsace.® Here galleries have been driven to facilitate drainage of large 
areas of oil sand, the oil accumulating in underground sumps from which 
it is pumped to the surface. The drainage of oil from a sand varies 
with the surface area exposed to the drainage spaces; hence a more com- 
plete extraction of the oil content is possible by such methods than is 
possible through wells of small wall area. 
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Elliott has shown* that sands pumped from wells by ordinary 
methods, and thoroughly drained in surface sumps, may yield from 11 
to 38 gal. of oil per ton, and that by subjecting the oil to cracking dis- 
tillation, high yields of gasoline may be obtained. Sands freshly pumped 
from wells yield as much as 55 gal. of oil per ton. An estimate of the 
oil available in this way from sumps and surface outcrops in the California 
fields alone showed that 2,360,000 bbl. might be recovered. In some 
regions, enormpus outcrops of bituminous sands are available at the 
surface in situations that would permit of cheap open-pit mining. Inves- 
tigations have been in progress during recent years to devise methods 
of recovering oil from these materials, and it seems probable that efficient 
and inexpensive methods will be available for extracting the oil when 
economic conditions warrant the exploitation of such deposits. Retort- 
ing or distillation methods are most promising, though a process of 
grinding and water-washing is also said to be effective. 
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CHAPTER XIV 


POWER FOR OIL FIELD PURPOSES 

• 

Aside from man and animal power, the principal primary sources of 
power available for oil field purposes are two in number: first, the energy 
stored in various types of fuels, and second, the energy developed by 
flowing or falling water. To these might be added the energy stored 
within high-pressure natural gas and that developed by moving air or 
wind. This latter force, however, is too unreliable and difficult of appli- 
cation to be of service in normal oil field operations. 

We develop powei* from the energy stored in fuel, by burning the fuel 
under boilers to generate steam, with the expansive force of which we 
operate steam engines and steam turbines. Natural gas produced from 
the earth under high pressure can be utilized in much the same manner as 
steam, to actuate a reciprocating piston within an engine cylinder. We 
may also utilize the energy stored within certain kinds of fuels by burning 
or exploding them within the cylinders of an internal combustion engine to 
produce mechanical force through a reciprocating piston. We convert 
waterpower into electric energy through the instrumentality of the water 
wheel or the turbine and the dynamo-generator. This energy, trans- 
mitted perhaps over great distances, is applied through the use of the 
electric motor. Our prime movers, then, are the steam engine, the 
steam turbine, the electric motor and the internal combustion engine. 
Of the last there arc two distinct types: the explosion type, including 
the gas engine and the gasoline or light distillate engine; and the Diesel 
or semi-Diesel type of oil engine, which operates on the expansive force 
developed by the combustion of fuel within the engine cylinder. 

Secondary forms of power, or methods of transmitting power, include 
compressed air and various types of mechanical transmission systems. 
Air compressed within an air compressor cylinder can be piped over a 
considerable distance and applied in the same manner as steam or com- 
pressed natural gas in the operation of several types of equipment, and for 
a variety of purposes. The uses of belting and endless rope transmission 
systems arc well known and these methods ^re widely used for short- 
distance transmission. For transmission over greater distances, the use 
of pull lines and “push and pull” systems have been devised and have 
attained a high degree of perfection in oil well pumping service. 

All these different forms and types of power are met with in oil field 
service and find many interesting and novel applications. Though 
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electric power is becoming increasingly popular in many phases of the 
work, the most commonly used prime movers are the various types of 
engines that are actuated either directly or indirectly by the burning or 
explosion of natural gas, crude petroleum or various refined and semi^ 
refined products of petroleum. The steam engine and the gas engine 
are used to develop the greater part of the power used in oil field opei^a- 
tions. This results from the abundance and comparative cheapness of 
petroleum and natural gas, which are ideal fuels for engines of this type. 

GENERATION OF STEAM AND ITS APPLICATION IN THE DEVELOPMENT 

OF POWER 

Steam boilers used in oil field service are of all common types, includ- 
ing fire-tube, water-tube, locomotive and Scotch marine boilers. Fire 
tube boilers of the horizontal-return, tubular type, mounted above brick 



Fig. 242. — A typical field installation of return-tubular boilers. 


supports and a brick firebox, are commonly used for field purposes where 
the service is intermittent, temporary or semi-permanent (see Fig. 242). 
The locomotive type, in which a water-jacketed metal firebox is riveted 
directly to the boiler shell, is also favored for temporary service, since 
this type requires less in the way of masonry supports than any other 
(see Fig. 243). This type of boiler is occasionally mounted on wheels 
to facilitate its transportation. For more permanent service, and where 
larger units are required, as in central power plants, pumping stations 
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or compressor plants, the more efficient water-tube type of boiler is 
commonly preferred. 

For oil well drilling purposes, it is customary to use boilers of from 30 
to 70 rated horsepower, the actual power obtainable from them being 
normally somewhat greater than the rated horsepower. The steam 
consumption of a standard cable drilling rig, working at a depth of 2,800 
ft. with 8-in. drilling tools, ranges between 55 and 140 boiler horsepower. 



Fio. 243. — A typical field installation of locomotive type boilers. 


the latter figure being approached occasionally for short periods of time 
in drawing out the tools. Drilling on the beam consumes the minimum 
amount of power and bailing operations require approximately 75 hp. 
Power requirements for a National portable drilling machine, drilling 
an 8-in. hole at a depth of 1,800 ft., range between 25 and 64 hp. Rotary 
equipment requires approximately twice the power used in standard 
cable drilling. Of this, from 50 to 75 hp. are consumed in the operation 
of the slush pumps. ^ 

It is customary in tubular boilers to allow about 15 sq. ft. of heating 
surface {% of the surface of the boiler cylinder plus the entire surface of 
all of the tubes) for each rated horsepower. This amount of heating sur- 
face gives an evaporative power of 34j^ lb. of water per hour from* water 
at 212°F., to steam at 212®F. The efficiency of this type of boiler, based 
On the ratio of thermal output to calorific value of fuel used, is about 70 
per cent under favorable conditions. Greater efiiciency at full load is 
to be had from the larger units, but a battery of small boilers possesses 
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greater flexibility and in some ways is better adapted to the extreme 
fluctuations in output required in drilling service. However, for short 
periods of time, a single boiler is able to meet a considerable overload 
beyond its normal capacity for continuous service. This increased power 
is delivered at the expense of stored heat within the superheated boiler 
water and surplus steam within the boiler. Such an overload results in 
rapid loss of pressure. 

Boilers for dpilling purposes are often erected in the open, without 
housing or protection from the weather, and are usually arranged in 
groups of two or more near the well for wliich they are to furnish power. 
If several wells are drilling at the same time, it is usually economical to 
serve all the wells of the group from one battery of boilers. Such field 
installations arc often hastily erected and poorly protected against heat 
losses. The additional cost of providing suitable settings, insulating 
material and various accessories, giving increased efficiency, is soon repaid 
by improvement in operating performance. Fig. 244 shows in plan and 
elevation the details of a brick boiler setting, together with the necessary 
piping and fittings. 

For oil well pumping service, a more permanent installation is 
provided, and consequently more attention is given to details which tend 
toward greater efficiency. The horizontal-return tubular (fire-tube) 
type of boiler described above is also widely used in pumping service, 
the operator usually making the best of what boiler equipment he has 
on hand after his wells are drilled. In many cases, however, the steam 
necessary for pumping all the wells on a property is generated in central 
power plants, from which steam is transmitted by pipe lines to all parts 
of the property. In this case, larger boilers are used, of more efficient 
type, and typical central power plant operating conditions apply. A 
considerable saving in expense may be realized by this practice in 
comparison with the cost of operating a number of small scattered 
plants. However, care must be taken to prevent unnecessary heat and 
pressure losses in the transmission lines, or the savings realized will be 
wiped out. With a carefully designed and insulated system of steam 
transmission mains, one centrally located boiler plant may serve all of 
the wells on a property a mile square. 

In boiler plants designed for some special purpose the requirements of 
which are definitely known in advance, and where the loads are fairly 
uniform — as in pipe line pumping stations or gas compressor plants 
— water-tube boilers of the most efficient type are used. The individual 
boilers range in rate capacity from 100 to upwards of 600 hp., and they 
are equipped with all the auxiliary devices that characterize the best 
central power plant practice. 

Efficient operation requires that frequent attention be given to the 
condition of the heating surfaces within the boiler. Scale, forming as a 
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result of dissolved solids present in the boiler feed water, must be 
removed. Tubes that have beOome weakened by scaling, corrosion or 
local overheating must be replaced. Safety devices must be periodically 
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normal requirements, in order that there may be one or more stand*by 
units ready to take the place of others which must be shut down. 

Boiler Fuels 

Crude petroleum and natural gas are almost universally used as fuels 
for steam raising purposes in producing oil and gas fields. In the drilling 
of wild-cat wells j-emote from a supply of these fuels, coal or even wood 
piay be burned under the boilers. If both oil and gas are available, the 
choice as between one or the other will depend upon their relative market 
values. As oil prices rise, the cost of crude petroleum for boiler purposes 
becomes prohibitive. 

Natural gas is an ideal fuel; and usually, if it is produced in sufficient quantity, 
it' will be used in preference to oil. There is often a moderate supply of low-pressure 
gas produced in association with oil, that is not of sufficient volume to warrant the 
provision of compressor plants and pipe lines to carry it to a commercial market. 
Under such circumstances its use in power development on the producer's property 
becomes almost obligatory. Residual gas from gasoline extraction plants is often 
utilized as boiler fuel. 

While many operators prefer a pressure of from 5 to 15 lb. per square inch in the 
gas used for boiler purposes, it has been demonstrated that operations can be satisfac- 
torily and more efficiently conducted on lower pressure gas. Pressures as low as 2 or 
3 oz. are suitable for use under boilers through burners of suitable design. 

Good results are obtained through the use of multiple burners similar in general 
form to the ordinary Bunsen burner. “ These are made of pieces of 1- or 2-in. pipe, 
6 or 10 in. in length, with gas jets or Jfc in- in diameter. The multiple burners are 
set under the firebox, with the open ends projecting through a lattice work of protective 
firebrick. From 30 to 70 of these burners are required to fire a 40-hp. boiler for operat- 
ing a standard cable rig. Simpler forms of gas burners are ordinarily met with in 
oil field boilers, which usually consist of some kind of a mixing tube into which gas 
under pressure is discharged (see Fig. 245). This type of burner is open to the 
atmosphere outside the firebox, and the suction effect developed by the gas draws in 
sufficient air to support combustion, the air and gas being intimately mixed within 
the tube as they are discharged into the firebox. Careful adjustment of the gas 
pressure and volume to conform with the proportions of the mixing tube is necessary 
to prevent the gas from channeling through the air without securing the desired mixing 
effect. 

More elaborate gas burners of this same type utilize compressed air or steam to 
secure the desired jetting effect through the mixing tube. These are useful when the 
gas is of insufficient pressure to draw in the necessary volume of air. Difficulty is 
sometimes experienced in the use of steam or compressed air in this way as a result of 
irregularities in pressure. In some cases a sudden shutting down of the load on the 
boiler will extinguish the fire by increasing the pressure of the steam jet to such an 
extent that no gas enters. When the gas* itself is used to jet in the air, the amount 
of air taken in with the gas varies with the amount of gas delivered, the ratio of air to 
gas thus remaining approximately constant. About 11 or 12 volumes of air for each 
volume of gas should be admitted to the firebox for complete combustion. 

The air which is drawn into the mixing tube by the gas is not ordinarily sufficient 
for complete combustion, and additional air is drawn into the firebox to make up the 
deficiency by the stack draft through doors or vents in the front of the firebox. The 
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gas should burn rapidly since the firebox is often small and the time during lyhlch 
the gas is passing through is short. A large combustion space gives the best results, 
say about 2 cu. ft. per rated horsepower. 

The calorific value of natural gas ranges between 850 and 1,100 B.t.u. per cubic 
foot, and averages about 950. If 65 per cent of this heat is utilized by the boiler in the 



{Manufactured hy Aycx Engineering Co.^ Loa Angtlea^ Cal A 
Fig. 245, — Apex gas burner, 8-inch size. 


generation of steam, 1 cu. ft. of gas is capable of evaporating about H lb. of water at 
212°F. Since 1 hp. represents the evaporation of 34J^ lb. of water per hour, at 212®F. 
a 40-hp. boiler should theoretically require about 2,000 cu. ft. of gas per hour, or 48,000 
cu. ft. per day (assuming that it delivers only its rated horsepower). The average 
consumption of gas per day under a 40-hp. oil field boiler, operating a standard cable 
drilling rig, probably averages in excess of 100,000 cu. ft. per day, but investigation 
has shown that this may be reduced by at least 50 per cent through the use of low- 
pressure gas, suitable burners, and by careful attention to air supply, boiler insulation, 
leaks, draft, etc. The Hope Natural Oas Company has reduced the average gas 
consumption under field boilers to only 37,000 cu. ft. per day by a close study of boiler 
losses. “ 

The quality of the gas used for boiler purposes is of minor importance. The 
percentage of other gases than hydrocarbons present as impurity (such as nitrogen and 
carbon dioxide) reduces the calorific value somewhat, but the impurities are not 
ordinarily present in sufficient amount to make the gas unsuitable for boiler purposes. 
Even the poorest of natural gases has a higher calorific value than much of the manufac- 
tured gas sold in our larger cities for industrial purposes. Gases containing unusual 
amounts of sulphur may have a corrosive effect on brass fittings, and may cause rapid 
deterioration in the boiler tubes, plates and stack. 

Crude Petroleum and Fuel Oil as Boiler Fuels. — When gas is not available in 
sufficient quantity for boiler fuel, or is more valuably for other purposes, either crude 
petroleum or fuel oil wdll be used. As a rule, crude petroleum is used because it is 
more readily obtainable, though it is generally profitable, except in the case of the 
very heavy oils, to install a small topping plant, separating the gasoline from the resi- 
duum which is used for fuel purposes. The petroleum industry suffers a great eco- 
nomic loss through the use of high-grade crude as fuel under boilers. Whether or not 
topping the crude before use under boilers is profitable depends upon the gravity of 
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the oil, the percentage of motor distillate produced from it and the prevailing held 
price of crude. The cost of redistributing fuel oil from the topping plant must be 
considered as an additional factor. In some American fields, between 5 and 10 per 
cent of the gross production of crude petroleum is used as fuel by the producer. 

While not as convenient in their application as natural gas, crude petroleum and 
fuel oil are excellent fuels and have many advantages that are now generally under- 
stood and appreciated. The calorific value varies between 17,500 and 20,000 B.t.u. 
per pound. Assuming that 65 per cent of the heat liberated by combustion is utilized 
in the generation of steam, 1 lb. of fuel oil will evaporate about 16 lb. of water from and 



Fig. 246. — “Gem” steam atomizer for burning fuel oil. 


at 212®F. This is equivalent to slightly more than 2 lb. of fuel oil per boiler horse- 
power-hour. If the feed water must also be heated from normal atmospheric tempera- 
tures to 212°, as is usually the case, the amount of fuel used will necessarily increase, 
in some cases to nearly 3 lb. of oil per horsepower-hour. The average 40-hp. boiler 
employed in drilling service consumes between 7 and 10 bbl. of fuel oil per day. 

In order to bum fuel oil satisfactorily, it must be injected into the firebox in the 
form of a fine spray, with sufiicient air to support combustion. For spraying the oil, 
special types of burners have been developed which may be classified into three main 
groups: (1) steam atomizers, (2) compressed air atomizers and (3) mechanical atom- 
izers. For field boilers, steam atomization is commonly preferred (see Fig. 246), but 
in central power plants mechanical and compressed air atomizers have been success- 
fully adapted. The design of the burner nozzle is such that the oil is sprayed into the 
firebox in the form of a cone, sometimes flattened on top so that it will not strike 
directly against the boiler plates. The burner should be so constructed that it can 
easily be removed and cleaned, and so that it has a considerable range of adjustment 
as regards steam or air and oil supply. 

The air necessary to support combustion is drawn into the firebox through openings 
in the boiler front around the burners. If the oil is properly sprayed, if sufficient air is 
admitted and the temperature within the firebox is not too low, the oil should burn 
with a clean, bright flame, and be eoinpletely consumed without soot or smoke. 
About 200 cu. ft. of air at 60°F. arc necessary for the complete combustion of 1 lb. 
of fuel oil. 

There is comparatively little difference in the heating value of different fuel 
oils and crudes. In determining the suitability of an oil for steam raising purposes, 
we are more concerned with the impurities present, particularly water and suspended 
solids. Crude oils are often used in the fields before dehydration, with the result that 
considerable volumes of water may be sprayed into the firebox along with the oil. 
This not only cools the furnace gases, but results in irregular operation of the burners. 
Particles of sand or clay carried by the oil may clog the restricted passages of the 





POWER FOR OIL FIELD PURPOSES 


433 


burners. As in the case of natural gas, unusually high percentages of sulphur may 
prove detrimental to the boiler tubes and pl^s. 

In order to force the oil through the restricted passages of the burner, pressure 
must be applied to it, either through a gravity feed system, or by means of fuel oil 
pumps. The latter method is safer and is generally preferred. Fuel oil is often too 
viscous to flow readily, and to reduce its viscosity, it must usually be heated. Small 
steam-operated fuel oil pumps of the duplex reciprocating type are generally provided, 
and the fuel is heated in a small cylindrical tank fitted with steam coils. Two pumps 
and one heater are often mounted together on the same casting and are known as a fuel 
oil “set.” In ordinary fuel oil practice, the pump pressures appli(^ range from 100 to 
200 lb. per square inch; and the temperature at which the oil enters the burner should^ 
be such that the viscosity of the oil is reduced to about 8 times that of water. The 
temperature necessary to accomplish this will depend uix)n the characteristics of the 
oil used. Ordinarily, temperatures ranging between 150 and 250°F. will be sufficient. 

Methods of Increasing the Efliciency of Oil Field Boilers. — The 

efficiency of oil field boilers is often low as a result of faulty design or 
.insufficient attention to operating details and heat losses. “ The eco- 
nomical firing of a boiler depends upon proper combustion of the fuel and 
efficient application of the heat evolved. The firebox of the average 
boiler does not provide sufficient space for the complete combustion of 
the fuel necessary during the overloads to which the boiler is often 
subjected. The fuel should burn completely in the firebox and not in 
the boiler tubes. The air control and draft arc important features which 
do not generally receive the attention they deserve. The boiler flues and 
tubes should be cleaned frequently and thoroughly. Firebox doors are 
often removed and lost. Air may be admitted to the firebox in such a 
manner that it does not mix properly with the fuel. Frequently too much 
air is admitted, the excess beyond that necessary for complete combustion 
diluting and reducing the temperature of the furnace ga.'CS. Few oil 
field boilers are equipped with dampers. A damper in the stack provides 
an additional means of controlling combustion, and if properly manipu- 
lated, results in improvement in boiler efficiency and saving of fuel. The 
cost of preheating the boiler feed water, and of treating it to remove scale- 
forming dissolved salts, is amply repaid by increased efficiency. 

In oil field practice, little attention is given to radiation losses. Field 
boilers are often erected in the open, without protection of any sort from 
the weather. The temporary character of many field installations per- 
haps justifies this practice, though much heat is lost through radiation 
in cold, windy climates as a result of lack of proper housing. Up-to-date 
operators are insulating all exposed parts of their boilers with various 
non-conducting materials, such as magnesia, silocel and asbestos plasters. 
Loose brick piled over and about the boiler is also effective, the cracks 
being filled with clay or sand. Oil sand is an excellent insulating material, 
and is often used on field boiler installations. Corrugated iron sheets, 
supported by a rough frame of timber or old casing, serve to keep the 
oil sand in position. 
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Boiler Feed Water. — Unless the water used for steam generation is 
free from dissolved salts, acids, organic matter, oxygen and sediment, 
these impurities will accumulate in the boiler as incrustating solids, or will 
result in corrosion, foaming or " priming/' Active scale-forming salts 
commonly present in water are the bicarbonates of lime and magnesia^ 
sulphate of lime, and the oxides of iron, aluminum and silicon. These 
salts form an adherent scale on the boiler surfaces, greatly reducing the 
ability of the m^tal to absorb heat, and causing local overheating of the 
boiler plates and tubes. Magnesium chloride and sulphate, acids, dis- 
solved carbonic acid, oxygen, organic matter and grease cause corrosion. 
Corrosion may take the form of rusting or pitting of the boiler surfaces, 
actual solution of the boiler metal, or of '' grooving," a mechanical action 
which is greatly intensified by acidity. Galvanic action between the 
dissolved salts and the boiler metal is occasionally the cause of rapid 
corrosion. The presence of certain organic materials or finely divided 
solids in suspension will cause foaming. An excessive amount of sodium 
carbonate, sodium sulphate or sodium chloride in the boiler water will 
cause priming or irregular discharge of steam from the boiler. Any of 
these occurrences may result in a considerable reduction in boiler eflS- 
ciency through heat losses, restriction of evaporative capacity, weakening 
of boiler metals and interruption in service because of the frequent 
necessity for ^‘blowing down," or cleaning of the boiler surfaces. Such 
difficulties are common in oil field practice because of the prevailing 
high salinity of ground waters in such regions. 

In order to correct these difficulties, it is customary to subject boiler 
water containing impurities to chemical and physical treatment.* There 
are four general methods employed: (1) the use of various chemicals to 
precipitate the dissolved salts before the water enters the boiler; (2) the 
use of chemical reagents (boiler compounds) within the boiler, with the 
purpose of forming new compounds with the dissolved salts that do not 
form adherent scale; (3) the mere application of heat to the feed water 
before it enters the boiler, resulting in a reduction of its power to hold 
certain salts in solution, and (4) combinations of (1) and (3). 

Chemical treatment outside of the boiler usually involves the addition of soda 
or lime or both. Slaked lime in solution as lime water will precipitate calcium and 
magnesium bicarbonates. Sodium carbonate and hydrate of soda (caustic soda), used 
either alone or together, will precipitate the sulphates of sodium and magnesium, 
if carbonic acid or bicarbonates are not present. The combined lime and soda process, 
which is by far the most generally used of the chemical processes, precipitates the 
sulphates of lime and magnesia, even in the presence of an excess of carbonic acid 
or bicarbonates. Barium carbonate and hydrate are also effective reagents as sub- 
stitutes for lime in the removal of calcium sulphate and carbonate, and though more 
expensive, are sometimes preferable if for any reason it is desirable to avoid the 
addition of lime. Silicate and oxalate of soda are occasionally used for the same 
purpose. Alum is used in coagulating organic material. 
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Treatment of water within the boiler by the nee of so-called boiler compounds’’ 
has for its primary purpose the prevention oi scale formation, though it is also used 
to mme extent for the removal of scale already formed on the boiler surfaces. These 
compounds almost invariably contain sodium carbonate and certain tannic com- 
pounds, and in some instances a gelatinous substance which is supposed to encircle 
particles of scale and prevent them from adhering to the boiler surfaces. Their 
action is ordinarily to precipitate calcium sulphate in the water by means of the 
carbonate of soda, forming a non-adherent form of calcium carbonate which may be 
readily blown off when the boiler is drained. The tannic compounds are used with 



{Manufactured by H. S. B. W. -Cochrane Corp., Philadelphia, Pa. 
Fig. 247. — Sorge-Cochrane water softening apparatus. 


the idea of introducing organic matter into any scale which may have ulready formed, 
with the purpose of loosening it. Scaling of the boiler surfaces by this method is 
apt to cause rapid deterioration, and is looked upon with disfavor by most author- 
ities. When proper care is taken to select a boiler compound that is suited to the 
water in use, however, and when used primarily as a scale preventive rather than a 
scale remover, the results secured are fairly satisfactory; though chemically con- 
trolled treatment outside of the boiler is always preferable. 

Heat treatment of boiler water without the addition of any chemicals is success- 
ful in removing calcium sulphate and the carbonates of lime and magnesium. Cal- 
cium and magnesium carbonates are insoluble above 212°F. Calcium sulphate is 
partially soluble at the boiling point of water, but becomes increasingly less soluble 
as the temperature rises, until at normal boiler temperatures it is practically insoluble. 

Some of the most successful methods of boiler water treatment subject the water 
to both heat and chemical treatment before it enters the boiler. The heat treatment 
involves but little additional expense since efficient boiler operation demands that 
the boiler water be preheated in any case. The apparatus used in one well-known 
process combining chemical and heat treatment is illustrated in Fig. 247. By means 
of an orifice and differential valve mechanism, this apparatus adjusts the supply of 
chemical to conform with the volume of water entering the treater. Its operation is 
almost automatic, and the results are more uniform and dependable than when ordi- 
nary hand mixing of the chemicals is practiced. 
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It is customary to make frequent quantitative tests of both the raw and treated 
water, to determine the amount of chemical to use, and the efficiency of treatment. 
Volumetric methods are used, titrating with a standardized solution of sulphuric acid, 
using methyl orange as indicator to determine alkalinity, and with phenolphthalein to 
determine ** causticity ” or excess of lime. A standard soap solution is also used as 
a measure of the degree of ^‘hardness.'' 

Water treated by the soda-lime process will ordinarily contain from 3 to 5 gr. 
of scale-forming matter per gallon. In general, only waters containing over 6 gr. 
per gallon will deposit scale. 

The cost of boilhr water treatment will, of course, vary within wide limits, depend- 
,ing upon the character of the water, the local cost of the necessary chemicals and 
the method of treatment. The capital cost of a water purification plant ranges 
between $500 and $750 per 1,000 gal. treated per hour, the smaller plants costing 
more per unit of capacity than the larger. 



Fio. 248. — “Ajax’* steam drilling engine. 


Steam engines for use in oil field operations vary widely in size and 
design, depending upon the purposes for which they are used. For 
cable drilling, and in many cases also, for pumping service, the simple, 
single-cylinder, reversible, slide-valve type of engine, built in units ranging 
from 15 to 50 hp., is widely used. Simplicity, flexibility and accessi- 
bility for repairs are matters of prime importance in the selection of an 
engine to meet the variable requirements imposed. 

The type of engine generally, used in cable drilling practice, and also in 
pumping service, has a cylinder 12 in. in diameter, a piston stroke of 12 in., 
and when operated under a steam pressure of 100 lb. per square inch, 
develops about 30 hp. For lighter service in the drilling of shallow 
wells or in providing power for pumping wells, an 11- by 12-in. (25-hp.) or 
even a 9- by 12-in. engine (15-hp.) of the same type may be used. Larger 
sizes up to 14 by 14 in. (50 hp.) are used in rotary drilling. Fig. 248 
illustrates a well-known oil country engine of this type. 
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The steam supply to the engine is regulated by a throttle controlled 
from the headache post by a telegraph cord and handwheel. A simple 
reversing link on the eccentrics, controlled by a lever and rod from the 
headache post, enables the driller to control the direction of rotation of 
the driving pulley. A heavy flywheel, to which additional weight in 
the form of extra balance rims may be clamped, serves to equalize the 
loads on the engine. Special lubricating devices, boiler feed water pumps 
and heaters are often a part of the drilling engine equipment. 



Fic. 249. — “Ideal” twin-cylinder steam drilling engine. 


For rotary drilling, a twin-cylinder engine has been developed which 
has met with considerable favor among drillers and engineers (sec Fig. 
249). The cranks are in this case set on quarters so that there are no 
dead centers, and the flywheel characteristic of the one-cylinder engine 
may be eliminated. With this type of engine a more uniform pull is 
delivered and driving strains on the drilling equipment are materially 
reduced. For rotary drilling, 10- by 10-in. cylinders are used, the two 
cylinders delivering about 50 hp. with 100 lb. sfeam pressure. 

Under the best conditions possible, that is, with dry steam under a 
pressure of from 100 to 125 lb., and with full load, such engines will con- 
sume from 30 to 40 lb. Of steam per horsepower-hour. With only one- 
quarter full load, these figures may be nearly doubled, and with 
poor general mechanical conditions characteristic of many oil field 
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installations, the steam consumption may rise to upwards of 100 lb« per 
horsepower-hour. When such an®engine is used for pumping, steam con- 
sumption will range toward the higher figures. In many cases, wells 
operated by individual steam engines require the burning of 3 or 4 bbl. 
of oil per well per day to generate sufiicient steam for pumping purposeif^. 
For drilling, as much as 8 or 10 bbl. of oil per rig may be necessary. 

In large stationary units, such as are required in compressor plants or 
oil pumping stations, the best types of compound, condensing steam 
r engines, with mechanically controlled valves and superheated steam, are 
commonly used. Greater efficiency is, of course, attained by such engines 
than is possible with the engines used in field service. 

Steam Transmission. — The economy and effectiveness of steam 
power is vitally dependent upon the design and character of the steam 
piping. Unless the pipes are protected against heat radiation, large 
power losses will result through condensation and consequent loss 
of pressure. Leakage of steam at pipe joints and fittings may also be 
responsible for large losses. In long steam lines, the pipes must be of 
adequate cross-section to accommodate the volume of steam to be trans- 
mitted, without serious frictional resistance. In the case of branched 
mains, the sizes of pipe used must be proportioned to the volume of steam 
each branch is to carry, or to the number of engines served. 

For short steam lines, say from 50 to 100 ft. long, the cross-sectional 
area of the steam main should be about one-fifteenth of the area of the 
piston to be driven.® This insures nearly full boiler pressure at the 
engine. For long lines, as in distributing steam from a central power 
plant to a number of wells, the pipe sizes must be increased, otherwise 
there will be serious loss of pressure at distant points. The size of the 
pipe must be porportioned to the maximum demand that is liable to 
arise, and will naturally be in excess of average demand. Radiation 
losses and frictional losses are opposing factors in the design of steam lines. 
As the size of the pipe increases, radiation losses increase; as the size 
decreases, friction losses increase. In either case, loss in pressure results. 
In modern practice, steam velocities ranging from 6,000 to 15,000 ft. per 
minute through the transmission mains are not uncommon. 

The flow of steam through pipes is governed by the same hydraulic 
laws applying to all other fluids. The Fanning formula, discussed else- 
where in this volume (pages 551 to 560), can be applied to determine 
unknown factors in steam flow if the necessary variables are known. In 
connection with such computations, the density of steam at different 
temperatures and its kinematic viscosity may be determined from Fig. 
250. 

Radiation losses in steam piping, with consequent condensation, can, 
of course, never be entirely avoided, but can be greatly reduced by the 
application of, suitable pipe coverings. Bare pipe will radiate approxi- 
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mately 3 B.t.u. per hour per square foot of exposed surface, for each 
Fahrenheit degree difference in temperature between the steam and the 
external air. This figure may be reduced to from 0.3 to 0.4 B.t.u. for 
the same conditions, by the application of a l^-in. insulating covering. 
Mixtures of asbestos, hair and carbonate of magnesia are the most 
efficient coverings. For best results, all exposed main steam lines, 
flanges, valve bodies and fittinp should be covered with from ll’i to 2 



(After Wileon, McAdams and Seltzer^ in Jour. Ind. dk Eng. Chemistry). 

Fig. 250. — Graphs showing density and kinematic viscosity of steam and air at different 

temperatures. 


in. of such material. All metal surfaces should be painted before the 
covering is applied. Canvas held in place by iron or brass bands is 
ordinarily placed over the magnesia covering to prevent it from disinte- 
grating. A moderate investment in insulating material will soon be 
repaid by steam saved. Steam lines from boiler plants to the wells on 
an oil property arc usually buried in the ground. In this case the pipe 
may be surrounded in the trench with oil sand, which is a very effective 
heat insulation. When pipes are placed on or^bove the ground surface, 
they may be surrounded by a rectangular wooden trough filled with oil 
sand. 

Steam distributing pipes should be carefully graded, if possible, to a 
uniform slope, so that the condensed water will be gathered at definite 
points and removed by steam traps or drains. The slope should be in 
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the direction of the steam flow. Wherever a rise is necessary, a drain 
or trap should be installed. All main headers and branches should end 
in a drop leg, and low points may be connected to a drainage pump which 
returns the condensed water to the boiler plant. Branch lines should 
be taken from the top of a main header rather than from the bottom. 
Each engine should have its own separator, placed as near the throttle 
as possible. Such separators should be drained to the drainage system. 
• 

c INTERNAL COMBUSTION ENGINES 

Gas Engines 

Wherever natural gas is available in sufficient quantity, the internal 
combustion engine, utilizing natural gas as fuel, offers the most economi- 
cal solution for the power problem. In many cases low-pressure gas is 
used which could not be adapted to any other useful purpose, and the fuel 
cost of power development becomes almost negligible. 

Gas engines have been chiefly used in well pumping service, for which 
purpose the horizontal, single-cylinder engine is well adapted. This 
type of engine is also widely employed in operating compressors, pumps 
and other mechanical units in the oil fields. In early efforts to adapt the 
gas engine to drilling service, use was naturally made of the same single- 
cylinder type of engine that had been developed for pumping service. 
This was found to be poorly adapted to the requirements of drilling, 
because of its lack of flexibility in speed and power output. The failure 
of this type of engine in operating drilling ccpiipmcnt seems to have 
prejudiced oil operators against all types of gas engines for this purpose, 
but recent tests made with vertical four-cylinder engines indicate that 
the larger sizes of multiple-cylinder engines are capable of operating 
either cable tool or rotary equipment in a satisfactory manner, and at 
considerably lower cost than is possible with the less efficient steam 
engine. 

The type of gas engine that has been found most successful in operat- 
ing drilling equipment is modeled closely after the four-cylinder auto- 
mobile engine, except that it is of higher power and is equipped with a 
special reversing drum and clutch, a flywheel and an auxiliary starting 
engine. Two engines of this* type have been developed for drilling 
purposes: the Clark drilling engine,* and the Holt engine. f The Clark 
engine develops 120 hp., and is mounted on a low truck of special design 
(sec Fig. 251). Constant motor speeds and power output can be main- 
tained from 85 to 500 revolutions per minute. A separate 6-hp. starting 
engine is supplied With this drilling engine. The Holt drilling unit is 

* Manufactured by Clark Brothers, Orleans, N. Y. 

t Manufactured by Holt Mfg. Co., Stockton, Cal. 
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equipped with a 75-hp. enjijiiK' of the iyix^ <l(‘V(‘lop(Ml for driving; cater- 
pillar tractors. These engines may operate on eit I hm* natural gas, gasoline 
or distillate. Both engines have be(»n recently used in tin* C'alifornia 
fields with satisfactory n^sults.* Their greater su(‘cess in comparison 
with the horizontal, single-cylinder type of engine^ is due primarily 
to their greater power and flexibility. The chi(‘f advantage of the intcr- 
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rial combustion (Migine foi drilling [lurposes lies in il.s ('(‘onomy. The 
gas engine napurcs about one-tenth of the fiK'I by weight that an oil- 
burning boiler recpiin's, and comparatively litth' water. It would appear 
to be part;icularly useful in drilling wild-cat wells, wliere fuel and water 
transportation are large items of expense. 

For pumping service, the engine used may b(' eithc'r of th(» two-cycle 
or four-cycle typ(‘; that is, it may r(*c(Mve a pow(‘r imjnilse with every 
revolution of the crankshaft in t he former cas(', or with evc'ry other revolu- 
tion in the latter. Considerable variation is found among the many 
types of gas engines available on the mark('t, in such matters as valve 
control and arrangfunent of lubricating d('vic(\s, govi'rnors and ignition 
systems. They 0 ])erate at sp(‘(Hls ranging from ISO to 250 revolutions 
per minute, and have a piston stroke ranging in different types from 12 to 
18 in. Units as small as 5 hp. ar(‘ available, but for ordinary individual 
well pumping service engines ranging from b'V t,o 50 hp. are usctl, the 
average 2,000-ft. well requiring an engine of about 25 or 30 hp. (st^e Fig. 
252). The i)umping of the well does not ordinarily require the continuou:? 

* Dean, C. J., The gas engine as a prime mover for drilling oil wells, Thesis per- 
formed under the direction of the author, University of ('alifoniia, 1923. 
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application of this amount of power, but the engine must have sufficient 
power in reserve to take care of ordinary repair work. 

Gas, preferably dry gas stripped of its gasoline content, is led to the 
engine through a small gasometer which serves to equalize irregularities 
in pressure. Engines of the type used in pumping oil wells consume 
about 12 to 13 cu. ft. of gas per horsepower-hour. Engines of larger 
capacity may operate on as little as 9 cu. ft. per horsepower-hour. Low- 



(T7nton Toni Co , Torrance, Cal ) 

Fit;. 25U. “Ideal” gas ongint* for well piiniiang sor\ico. 


pressure gas is preferable, 4 oz. pressure being sufficient. The gas and 
the necessary amount of air arc admitted to the engine by the action 
of mechanically operated valves. For complete combustion 1 cu. ft. of 
average natural gas requires about 10 cu. ft. of air. The mixed air and 
gas in the cylinder arc exploded electrically or by the ''hot-spot” method, 
that is, by bringing the gas into contact with heated metal in the form of 
a tube, bulb or point. Electric ignition is more satisfactory. The 
electric spark may be generated by a makc-and-break device, or by 
means of a magneto. The engine cylinder is water- jacketed and must be 
cooled by circulating water. This circulation may be attained by gravity 
if the water is only to be used once, but if water is not plentiful, it may be 
used repeatedly, flowing in closed circuit between the engine jackets and 
a near-by water storage tank. In the latter case, the pump necessary to 
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circulate the water is operated by the engine. A system of forced feed 
lubrication is a desirable feature in gas engines of this type, requiring 
another small pump. The pumping engine should be equipped with 
two large flywheels or balance wheels, to equalize the loads on the engine, 
and a suitable governor should be provided to throttle the fuel valve in 
case the engine tends to overspeed with variation in load. 

Gasoline Engines. — No discussion of power in oil field service would 
be complete without mention of the gasoline engine. "J^liough the aggre- 
gate amount of power developed by gasoline engines is relatively small in 
comparison with that developed by steam engines and gas engines, this 
type of engine is indispensable for certain kinds of service. Such engines 
are confined largely to automobiles, tractors, trucks and portable well- 
pulling machines, purposes for which no other form of power is quite as 
satisfactory; and these devices contribute in no small part to the success 
of modern methods of oil development and production. The efficiency 
and adaptability of the type of engine here referred to, and the character 
of the fuel on which it operates, arc matters that are too well understood 
by the American public to justify further description here. 

Oil Engines. — The Diesel type of engine, in which oil fuel is burned 
within the engine cylinder, is a relatively new type of prime mover that has 
been undergoing rapid development within recent years. For a time, 
the compk^x mechanism and high pressure utilized in the earlier types of 
Diesel engines made them appear impractical for the rough duty imposed 
in oil field service, but recent types, more rugged in their construction 
and operating at lower pressures, have attracted favorable attention. 
Such engines arc now frequently selected as prime movers in (dectric power 
generating plants, in operating air compressors, driving f>il line pumps 
and for other similar duties. They are now available in all sizes above 

10 hp., but have not as yet been satisfactoiily adapted to well drilling 
and pumping service. Thermodynamically, they are more efficient 
than any oth(*T typ(' of engine, occasionally attaining thermal efficiencies 
as high as 35 per cent. 

The earlier types of oils engines, of whi(;h there arc many thousands 
now in service, operate on gas oil, kerosene or engine distillate. They are 
quite similar to the ordinary gas engine in design, except that they 
operate under higher pressures (about 50 lb. per square inch) and special 
devices in the form of hot bulbs, tubes or linings are necessary to vaporize 
the fuel. With such fuels, properly vaporized, ignition may be accom- 
plished electrically, as in the gas and gasoline, engines. 

In adapting the oil engine for use with lower grade fuels, such as ordinary fuel 

011 or even lieavy crudes, electric ignition becomes impossible, and reliance must be 
placed on heated vaporizers and high compression to vaporize and burn the fuel. 
The vaporizer is in this case a separate chamber connecting directly with the cylinder. 
All oil is vaporized in the vaporizer, so that only gas enters the cylinder. 
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Both two-cycle and four-cyclc oil engines arc available, the method of operation, 
as between the two typos, differing sonifAvhat. In the two-cycle engine, during the 
IX)wer or working stroke, an oil spray is injected into the heated vaporizing chamber, 
is vaporized and mixed with c.ompreaacd air in the cylinder, where it burns. On 
the return stroke, the burned gases are exhausted through suitable valves that open 
at the end of the fiower stroke. Such an engine must bo equipped for compressing 
the air necessary to liurn (lie fuel. This is done Iw the same piston, utilizing the 
crankcase end of the cylinder as an air compressor, and storing the air cither in the 
crankcase, or in a suitable cliamber enclosed in tlie bed of the machine, and con- 
necting through valve's with both ends of the cyhnch'r. 



The* four-eye*le ty])e' is ge'ne'rally prefe*rred since it is more economical and re‘li- 
able, and coinpre*sse'd air e'an lie dispi'iise'd with. In this type (se*o kig. there is 
one jiower impulse' eni e've*ry fourth stroke. I'he first is a, sue'tieni streike, during which 
atinos])he*ric air is drawn into the vapeirize'i* anel cyhnele'r Hirenigh a mechanically 
controlleel valve'. On the re'turii or eomjm'ssiem stroke the air valve closes and the 
piston e'ennjne'sse's all air into t he vaporizer (e) a {ire'ssure' of at least 2S() lb. tier square 
inch. Near the' enel of the e*ompre'ssion st,rok(', oil is atomizeel under tlie jiressure 
of an oil puiii]) into this conliiied charge of heate'd air, ricli in oxygen, anel striking 
the heateel surfaces, vapenize's and ignites. The ])iston then moves forward on 
its yiower stroke- uiide'r a pre'ssure ranging above 175 ]]). per sepiare inch. At the 
end of this stroke, the* exhaust valve; opens and the bunieel gases are exhausted frenn 
the cylinder bv elisfilae-e'inent on the se*cond return, or fourth stroke. 

In some type's, oil is iiqee'teil with the air on the suction stroke. Seime manu- 
facturers also use* a wate'r spray in the* cylinder on the e'onipression stroke, i his, 
it is elaimeel, aiels in vaporizing the lue*], and largely jirevents the iormatioii ot carbon, 
which te'iiels to aceuimiilate on the Vaporizer and e*ylinele*r surfai*es. Other manu- 
facturers eemsider that the water spray is unnee'cssary if a properly ele*signeel vaporizer 
and spraying nozzle is use’d, and finel that, tlie ])rt'se‘ne‘,e of water vapor reeUices the 
efficiency. 

Speeels range Irom 200 to 250 revolutions per minute, and are usually controlled 
by an aiitomatie* gove'irieir ae'luatmg a throttle valve on the oil f(*ed pipe. Single- 
cylinder oil c*ngin(‘s an* usually equipp(*d with two heavy flvwhei'ls to equalize the 
power outfiul Twin-cylinder engines havi* ordy one flywlieel. 

Oil engines, wlu'tlier of tlie two-eyele or four-cycle type, must be started with 
compressed air; and for starting iiuriioses, a small compressor and separate gasoline 
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engine must be* provided. "I'lie fuel oil pump is openiied by Ji hand lever in starting. 
The difficulty of starting is perhaps the chief reason why the oil engine has not found 
wider application in oil well pumiiing and drilling service, though its hurk of flexibility 
in speed and power torque' is also a disadvantage. For stationary service, whore a 
fairly constant power is required, tlu' oil engine is well adapted, and its economy in 
comparison with any other type of engine is unquestionable. Some oil engines deliver 
a brake horsejiower-hour on as little as .4 lb. of oil ]'>om 1 gal. of fuel oil 13 to 
15 b.hp.-hr. are thus obtained. These results, however, require the best mechanical 
and operating conditions, and neglect or failure to n'ahze sucli (;onditions will result 
in increase<l fuel consumption. 


ELECTRIC POWER 

In many regions oil producers are able to purchase electric power from 
power companies operating as public utilitic'S. The pow(‘r may be derived 
from hydroelectric dev(*lof)mcnt in distant inouiitains, or it may be gener- 
ated in large and favorably situated and efiich'iitly ojn'rated central 
power stations, using steam engines, steam turbines or ititernal combustion 
engines as the primary source of energy. In Ibis cas(', very favorable 
rates are obtaiiuHl, occasionally as low as 1 cd. per kilowatt-hour, and 
this form of power becom(\s clnaiper than any othtu'. Furthermore, the 
oil operator is relieved of all of the troubles attending small-scale power 
generat on, as w(*ll as th(‘ larg(* ca[)it.al outlay n(‘(‘('ssary for power-gener- 
ating equi])ni('nt. He has avadabh' a form of y)ow(‘r ada 4 )table to his 
needs, that can b(' ('fficic'iitly transmitted and a])plied. There is no 
surplus pow(q*; the opc'iator pays only for what he uses. 

Where electric power cannot b(‘ purchased from outside concerns in 
this way, it is oft('n possibh' foj* the oil fnoducer to dc'velop his own ehictric 
power in a plant located on or near the “leas(‘.” Th(‘ ('conomies of large 
central power plant pra(dice, in contrast with the iiK'fficic'iicy of small 
scattered jdants, the small t ransmission losses possible, and the relatively 
low cost of providing and maintainiiig electric ])ower and distributing 
ecpiipmcmt, make this a very attractive form of ])owi'r. 

The generating plant may operate' on st(*am y)Ower d(*v(*loped l)y the 
burning of crud(' petroleum, fuel oil or natural gas undeq- large boilers. 
The electric generators are in this case operated (‘itlu'r by steam engines 
or steam turbine's, preferably the latter. Th(‘ ov(*r-all efficiency of such 
a plant may be as high as 11.5 j)er cent under fave)rabl(' conditions. The 
great strieles made in the developme'iit anel a])plicatie)n e)f the internal 
combustion engine within re'ce'iit ye'ars have resulteel in th(' wide use of 
gas engines and oil engines as prime move'rs in e^e'iilral powe'r plants. 
Efficiencies of 21 per cent are not uncommon in such [)lanis; and they arc 
more economical than steam plants from every point of view. 

The generators used arc preferably of the thr('e-phast', alternating 
current type, since the three-phase induction motor has th(‘ Ix'st cbaracter- 
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istics for oil field work. It is often ;iecessary to increase the power output 
of the plant as the development of the property proceeds. In this case 
it is a good plan to install one generator of moderate size first, and later 
add more units when the number of wells is increased so that more power 
is required. 

The transmission system consists of three wires strung on poles from 
the generating plant to small transformer stations near the wells. Cur- 
rent of 440-volt intensity is suitable for transmission over moderate dis- 
tances, but this must be reduced to 110 or 220 volts at the motors in order 
to eliminate danger to the operator. Special protection against lightning 
should be provided where electrical storms are prevalent. If the operator 
purchases power from a power company, he must usually provide his own 
transmission lines from a centrally located transformer station where the 
high voltages maintained on the power company's lines (often from 10,000 
to 20,000 volts) are “stepped down” to 440 volts, or whatever voltage the 
operator may find desirable for local distribution purposes. Electric 
power is not so limited in its range of transmission as is steam — that is, 
the distance between the generator and motor is of comparatively little 
significance. 

Transformers. — It is more economical to install one bank of trans- 
formers to serve all the wells of a group, rather than to provide a separate 
transformer at each well. Sufficient transformer capacity to provide 
current for pulling and cleaning purposes as well as pumping must be 
arranged for; and if separate transformers at each well are provided 
each bank must have the necessary reserve capacity, while with a central- 
ized group of transformers, only additional capacity for repair work on, 
say, two wells at once, need be contemplated. The number of wells that 
can be operated from a single bank of transformers will depend upon their 
relative grouping and individual power requirements. For drilling 
purposes it is preferable to have a separate bank of transformers for 
each motor. They may be mounted on the ground near the motor, thus 
shortening the heavy secondary leads, or they may be mounted on a 
wagon that can be readily moved about over the property as occasion 
may require. 

Motors. — The type of motor used will depend upon the service 
required of it. The character of service varies widely. For drilling 
purposes, it is essential to provide a motor that will possess flexibility in 
both speed and pulling torque. The power and speed variation neces- 
sary in ordinary pumping service is relatively small, but it is also con- 
venient to use the pumping motor in pulling tubing and rods, and in 
other repair work, a service which requires more power and greater 
speed than pumping service. Hence the motor used for operating the 
wells is usually designed so that it is adaptable to this dual purpose. 
Motors of variable speed characteristics are also used on portable pulling 
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machines for facilitating repair work on the wells when the pumping 
motors are not adaptable to this pufpose. The operation of pumping 
‘‘powers” used in connection with multiple pumping requires a motor 
of fairly constant speed and power output. Motors used in driving shop 
equipment, water pumps, compressors, etc., are also of the constant speed 
type. Oil pumps may require variable speed motors on account of 
variable pressure conditions in the pipe lines with seasonal changes in 
temperature. , 

For cable drilling purposes, an ordinary variable speed, reversible, 
slip ring induction motor with wound rotor, gives best results. Speed 
control is effected through the introduction of a suitable resistance in 
the rotor circuit, adjusted by a controller. One successful type of drilling 
motor is equipped with an auxiliary controller in addition to the main 
controller, to give the finer speed adjustments necessary in adapting the 
movement of the walking beam to the period of vibration of the drilling 
cable. The main controller alone gives 10 points of speed control; the 
auxiliary controller cuts in 8 additional points between any adjacent 
points on the main controller. This gives 88 different speeds. The two 
controllers are located near the motor, but are operated independently 
by telegraph cords from the headache post.® 

In cable drilling, the beam must overspeed on the down stroke, per- 
mitting a free drop of the drilling tools to strike the most effective blow. 
The motor therefore must slow down on the up stroke and overspecd on 
the down stroke. This is accomplished by introducing a secondary 
resistance in circuit when the motor is operated at proper speed. 

An ammeter placed in the motor circuit is useful not only in indicating 
the power consumption during different phases of the work, but serves 
also as an indication of the amount of strain placed upon the motor and 
derrick equipment. A recording ammeter is useful also as a check on 
the efficiency of the drilling crew, and to one skilled in interpreting the 
records obtained, provides an independent record of the operations in 
progress and the percentage of time devoted to different operations during 
each “tour.” 

For rotary drilling, the same type of motor is used for operating the 
draw works and rotary table as is recommended above for cable drilling, 
except that the very fine speed control is unnecessary. The slush pumps 
are also driven by a separate 50-hp. slip-ring motor, preferably of the same 
type, though close speed control is not so important here. Rotary drilling 
places a fairly uniform load on the motor, but the other work that must 
be done by the same motor, particularly the handling of casing, may be 
extremely heavy and intermittent in character. 

For the standard sizes of cable tool and rotary rigs, a 75-hp. drilling 
motor has sufficient capacity for the deepest wells now drilled (see Fig. 
254). For shallower wells, say less than 2,000 ft. in depth, a 50-hp. motor 



448 


PETROLEUM PRODUCTION ENGINEERING 


sufficient in tuany casCvS. In some foreign fields using other types of 
rigs, motors as large as 150 hp. liavc been used. Drilling motors can 
exert a very high pulling torque, and their ability to do so in an emergency 
is often important, ''riic jnotor increases its pull automatically as the 
load increase's, without any changes or a<ljiistinenls, and develops its 
maxiiiium pull at dead stall. 



,sif of ('nntn Tool Co,, I'orrunrr, Cal ) 


Ficj. 254 - r('sisfan <'0 «n(l.s and ^eai Ijmsc* rolary drilling. 

Pumping s('rvic(‘ lequin's, as a rule, practically continuous operation 
of the motor, with little or no change iji th(* sjic'ed or power consumption 
once the motor is adjusted to th(' load. A moderate range' of spe'C'd con- 
trol is iK'cessaiT, how(*ver, in order to adjust the* number of strokes to the 
variable' conelitions at e‘ae*h well. To me'et the reepiire'ineiits imposeel in 
pulling tubing anel rods during rei)air ope'rations, he)wever, the motor used 
in e)perating the' we'll must be 4 l)l(‘ to adjust itse'lf to great, variations in 
speeei and le)ad. The t wo-speed slip ring ineliictie)n motor with both 
speeels vai’iable' ])osse'sse's the' necessary chai’acteristics for either service. 

One commonly use'el tyf)e^ ele'signeel for the' elual puri)e:)se of pumping 
anel pulling roels anel tubing, has a lower speeei of 000 r.p.ni., and at this 
speeei, which is use'el fe)r pumping, is rate'el at 15 hp. When the; motor is 
te) be' use'el in re'i^nir we)rk, by sim[)ly thre)wing a pe^le'-erhanging switedi 
me)unte'd e)n ihc Irnme' of (Ik* me>tor, it will el('live*r 110 hj). and the spee'el 
is ine*re'ase'd io 1,200 r.i).m. \ elrum e*ontroll(‘r anel specially de*sign(;d 
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secondary resistor give tiie nn^uired spccul variation at t‘ither high or low 
speed (see Fig. 255). The motor is protected by an oil circuit breaker 
which shuts off the power and prevents damage in case the load is sud- 
denly thrown off as a result of breakage or accident. A recording watt 
meter installed at each well provides a continuous record of the power 
requirements. Such a record often serves as a iisi'ful indicration of the 
condition of the well and the pumping equii)ment. 



{CourU’sif of General Eleeti tc To , Schenectady, N Y ) 
f’lCJ. 25.5. Elocfric niotoi, 'M' 15 -hp., icsistuucc* cfuitrol .ind founfor-sliaff usorl for oil 

well |)UT)i))inf; nerviee. 

In addition to the '^^l 5 -hp. motor, a similar type having a rating of 
hp. is widely used. The latter serves for r(*latively shallow wells, 
while the former has amphi capacity for th(^ operation of the de('pest 
wells now drillcvi. In one of the California fields, one •'^!^'ir,-hp. motor 
is satisfactorily operating a well 4,800 ft. deep. 

The actual powc'r consumption in pumping scuwice ranges from 00 to 
150 kw.-hr. per well f)er day, depending upon tlK‘ depth of the well, 
the length of stroke, the dianuder of th(' tubing, the numb(*r of strokes 
per minute and othei* variable factors. It is difficult to cahailate the 
actual power reciuirement in pumping service Ix'cause of th(* many 
variables involv(*d. For (example, a large amount of sand will ruH^essitate 
the applic.ation of an increased amount of power, while on the other hand 
gas pressure may assist. It is desirable to hav(‘ sonu' n‘serv(' (capacity 
in the motor to take care of changing conditions. The a\erage power 
consumption for 856 California wells, ranging in depth from 1,000 to 
2,500 ft., is 2,000 kw.-hr. per well per month. A group of 82 wells in 
Kansas, ranging from 2,400 to 2,950 ft. in depth, averages 3,030 kw.-hr. 
per well per month. In deeper wells of the (loose (h’cek field (up to 3,400 
ft.), the power consumption runs as high as 4,000 kw.-hr. per month. ^ 
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SELECTION OF POWER FOR DIFFERENT PURPOSES 

« 

The selection of one or another of the various forms of power 
described in the foregoing pages, for any particular purpose, usually 
requires a close study of operating conditions and relative costs. Gener- 
ally cost will be the determining factor, but in some cases the peculiar 
advantages possessed by a particular type of power for a given purpose 
may offset all other considerations. 

For cable drilling purposes, where great flexibility in speed and power 
output are essential, the steam engine is generally preferred. Though 
the variable speed electric motor is meeting with increasing favor, few 
drillers are ready to admit that any other form of prime mover is as well 
adapted to the purpose as the steam engine. Though high-powered, four- 
cylinder gas engines have been giving satisfactory results, they cannot 
as yet be said to have gained the confidence of the majority of drillers 
and operators. 

For rotary drilling the advantage of the steam engine over the variable 
speed electric motor is not so apparent. Here close adjustments in 
speed control arc not so essential, and the choice depends largely upon a 
consideration of relative cost. The only disadvantage of electrical power 
in rotary drilling is the possibility of interruption in service at a critical 
time by failure of the current. Stoppage of the mud-circulating pumps 
for more than a few hours^ time, with the drill stem in the well, may have 
serious consequences. 

In pumping service, where power in large amount is continually 
required, the matter of cost becomes of greater importance, and conve- 
nience in application is secondary. Furthermore, there is less necessity 
for variation in speed control. The steam engine under such conditions 
becomes less desirable than the more efficient internal combustion engine. 
The low cost and plentiful supply of natural gas in many oil fields has led 
to extensive use of the gas engine for well pumping purposes. The gas 
engine offers a very satisfactory type of power for the purpose. Where 
gas is practically worthless for any other purpose, there is probably no 
other prime mover that can operate as cheaply. Continuity of the gas 
supply, however, is a matter that should not be overlooked. Oil pro- 
ducers have frequently invested large sums in gas engines, only to find, a 
year or so later, that the gas production had declined until there was no 
longer enough gas to operate them. The oil engine, too, seems well 
adapted to pumping service, but is too little known and understood as 
yet to have met with much success. Manufacturers have not as yet given 
sufficient attention to the building of oil engines in units small enough for 
oil well pumping. But for simplicity and general efficiency in pumping 
service, the electric motor is probably the most satisfactory prime mover. 
Wherever electric current is available at a fair price it has given universal 
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satisfaction. The reason lies in the relatively low cost of transmission 
lines and small transmission losses ; the low maintenance cost ; the saving in 
operating expense; fewer pumpers are necessary since there are fewer 
wearing parts, and there is very little about the motor to get out of adjust- 
ment. Furthermore, the electric motor is cleaner and quieter; the fire 
risk is much reduced; there are fewer interruptions in service, and seasonal 
temperature changes cause no difficulties. It is claimed also that because 
of its uniform torque, in comparison with other forms of power, there are 
fewer breakages of the well equipment, fewer “pulling’^ jobs with their 
curtailment of pumping time, resulting in lost production. 

The greatest advantage of the electric motor in well operation, 
however, is the ease with which it can be adapted to the work of making 
repairs. By the mere throwing of a switch, an efficiently operating 
pumping motor becomes an equally efficient motor for well-pulling pur- 
poses. Neither the steam engine nor the internal combustion engine 
adapts itself so well to this dual purpose. With an engine of either type, 
we must have sufficient power to meet the heavy demands of well pulling, 
and for pumping service, requiring less than half as much power, the 
engine operates far below its rated capacity, with consequent loss in 
efficiency. With the electric motor there are no stand-by losses. This is 
one of the fundamental advantages possessed by any form of power which 
is developed in and distributed from a central power plant, in contrast 
with separate scattered units. With individual power units, the total 
power must be equal to the maximum power requirement, and therefore 
greater than the average power load of centralized plants. The reduction 
in total power, effected in centralized plants by equalization of “peak'' 
loads, is therefore unobtainable. 

Comparative Power Costs. — It is impossible to general i /.e in the mat- 
ter of cost. Variation in cost of equipment in different fields and at 
different periods, variation in cost of fuel or electric power, variations in 
operating conditions in different fields render cost data pertaining to a 
given case of little value when applied elsewhere. The engineer must 
study each case on its own merits before attempting to decide which form 
of power is cheapest in a given place and for a given purpose. The follow- 
ing figures applying to particular properties arc of interest, however;^ 

1. A representative of a well-known manufacturer of electrical equipment offers 
the following comparative cost figures for pumping wells on an oil property in Cali- 
fornia on which there arc 30 wells ranging from 2,700 to 3,600 ft. in depth, pumped 
“on the beam,'^ and 65 wells averaging 550 ft. in depth operated by four jack pump- 
ing powers. Electric power purchased from a powqr utility company is figured at 
1 ct. per kilowatt-hour; fuel oil is valued at $1 per barrel. No value is attached to 
the natural gas or water used, it being assumed that they arc available on the prop- 
erty and that there is no other market for them. The figures include charges for 
lost production during shut-downs, as well as interest and redemption charges on 
invested capital, maintenance, insurance and taxes at average rates. 



452 


PETROLEUM PRODUCTION ENGINEERING 


CoMPAiiiKON OF Power Cost of Pumping Oil Wells by Different Methods 


Cost of j 
oquipniont ! 
at wells 


Cost of 
power 
station 
equipment 


Yearly 

oj)erating 

cost 


Electric motors, power pureliased at 1 et. per 


kilowatt-hour ", 

$60,900 


Electric motors, jiower generated by steam 



turbines 

60,900 

$58 , 800 

Gas engines 

Electric motors, power generated by gas 

85,500 


engines 

60,900 

74,500 

Steam engines at wells, including boiler jilants 



burning oil 

69 , SOO 



$43,707 

49,047 

53,205 

58,879 

152,182 


2. A well-known raamirael urer of gas and oil engines offers the following com- 
parison of the fuel cost of 1,000 hi).-hr : 


Stiiarn engine and boiler, 0 lb of coal per horsepowtT-lioiir and 

10 per cent stand-by loss $8 25 

Clas engine, 12,500 eii. ft of gas at 30 els per Ihousand 3 75 

Eloetrieitv from eentral station, 750 kilowatt-hours, at 3 eds 22,50 
Oil engines, .75 ])int of fuel oil at 3 ets. ])er gallon 2 81 

To this might be added; 

Steam engine and boiler, eonsuming '4 gal. of fuel oil per horse- 

])ow(‘r-hour at 3 ets per gallon 7 50 


3. Another repn'sentative of a nianufaet urer of eleetrical etpiipment offers the 
following eonqiarison betwc'en stiaun and eleetne power for oil well pumping: 

Cost of Pumim.vi; 107 W ells, Avpucaoe Depth SOO >>., 13.5"B^:. Oil, 

(\MiIFORKI.\ I' I ELDS 

, ("ost y)(*r well j)er day 


Steam Eleetrieity 


Maintenance, pijie lines, wells, ])umi)s, rigs, boilers, motors. 


transformers and power lines 

Labor, including ])umpers, boiler men, elect rieians and w(‘ll 

$ 

95 

$ 70 

pulling gangs 


65 

45 

Tuel oil at 35 ets. per barrel 

I 

17 

12 

Water, waste and lubricating oil 


52 

.13 

Electric power, assuming 1 ct. per kilowatt-hour 



.57 

Totals 

$3 

29 

$1.07 
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4. The follnwinjr indicate the co^t of insialliiiK a ^;as enj^inc at. a pumping 


well:* 

One .30-hp, gas engine with ])ipe and fittings $2,025 

One 50-bbl. circulating tank , ' .170 

C-ement . 45 

Labor, including foundat ion, hauling and sctiing engine 155 

Miscellaneous, 5 per ct'iit 120 

Total cost $2,515 

5. The a])proximate cost of installing sti'ain etpniinient for fotary drilling in the 

oil fields of southern (California in 1022 is shown by the following figures:’ ^ 

One 10- by r2-in. twin-cylinder engine .. $1,404 

Cost of setting engine (labor, material, hauling) 225 

Hteam lines 00 

Water lines 150 

Three 50-hp. findiox boih'rs 4,500 

Cost of setting boilers (lalx'r, material, hauling) 375 

Two 12- by 0'^4- by I2-in. slush pumps 2,02S 

Cbst of setting slush pumps (labor, material, hauling) 250 

One 50-bbl. circulating tank 170 

Total cost , 102 

6. The cost of installing th(‘ usual steam equipment for cable tool drilling in the 
(California fields in 1022 was apiiroximately as follows ’ 

One 30-hi). 12- by 12-in. steam engiiK* $ 750 

(Cost of setting engine (labor, material, hauling) 150 

Steam lines . SO 

Water lines 150 

T\v() 40-hi). tubular boilers 2,S00 

Cost of setting boiUu’s (labor, inat<*rial, hauling) 450 

Total cost #4 ,3S0 

7. The following figures show the cost of installing and ojierating elc'ctrical equip- 
ment for drilling by cable tool nu‘thod to a (h‘pth of 2,2U) ft. in sou ;H‘rn ('alifornia, 
1022 :’ 

Initial cost of motor $1 ,ti25 

(bst of installation, including belting, etc 7()S 

Total cost of t)ower eciuipment $2,303 

Total cost ot (‘lect.ric povv(‘r 575 


8. The aiiproximate costs of electric equipment for a rotary drilling rig in southern 
California m 1022 are as follows:’ 

One 75-hp. drilling motor with all e(pnpment, including conma-- 


t ions and reducing gear $3,000 

(Cost of installation ol motor (labor, hauling, material) 150 

One 50-hp. motor for slush jmmps, complete 1 ,000 

Two power-driven slush punqis, 6^4 by 12 in., with belt and 

pulleys . . . 5,250 

Cost of installation of motor and slush ])um])s (labor, hauling. 

etc.) 100 

One 50-bbl. circulating tank 170 

Total cost $11, 200 

* Southern (blifornia fields, 1922. 
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9. Tlic jiower consumption of an electrically operated rotary rig can be estimated 
from the following figures which represent averages for a number of different rigs in 
various western fields : * 

Kilowatt-hours 
PER 24 Hr. 

1.000- ft. territory 150 to 170 

1.500- ft. territory 180 to 215 

2. 000- ft. territory. ... .... .. 200 to 235 

2.500- ft. territory . . 230 to 270 

3. 000- ft. territory . . 250 to 285 

f At greater depths than 3,000 ft. . . 265 to 350 

10. The following data furnished by a California oil company show the power costs 
when drilling by any of three different methods:’ 


l*owcr 

Location 

Footage drilled 

Cost per hour 

1 

Motor . 1 

California 

5,108 

1 

Clark gas engine ' 

Texas 

5,208 

.87 

Steam engine . S 

Texas 

4,000 

1.00 
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CHAPTER XV 


GATHERING, LOCAL STORAGE AND SHIPPING OF PETROLEUM ; 
GAGING, SAMPLING AND TESTING 

Some preparation in the way of storage facilities should always he 
provided near a well before the oil sand is penetrated. Sufficient storage 
should at least be provided to take care of the ordinary production of an 
average well for the locality. Of course, there is always some uncertainty 
about what the initial production of a well will be, and in many cases 
there may be some doubt about whether the well will produce any oil 
at all. In such cases the cost of constructing initial local storage should 
be kept at a minimum in order to avoid unnecessary losses in case the well 
fails to produce oil. In drilling on “proved land,” however, one may 
be practically certain that the well will produce, and as the drill 
approaches the horizon where the oil sand is expected, some preparations 
arc usually made to take care of the anticipated production. 

Judgment in the amount of storage to provide for may be based upon 
the experience of neighboring wells in the vicinity. If the conditions 
are such that a gusher may be expected, with a large initial production, 
larger storage facilities will of course have to bo ]irovided than if a 
relatively low production is the rule in the particular locality. 

In addition to estimating the quantity of oil for which to provide 
storage, it is necessary to take into consideration the gravity of the oil 
the well is expected to produce, in order that the character of the storage 
facilities may be determined. A light-gravity oil requires special precau- 
tions in the way of protection against evaporation losses. In a heavy 
oil district, on the other hand, such precautions arc not so essential. 

Before the well is “drilled in,” and at the time the local storage is 
constructed, preparations should also be made and under way for con- 
necting the storage facilities at the well with the main collecting system 
that carries the oil to a larger centralized storage. This is usually pro- 
vided at some point conveniently situated near the dehydrating plant, 
or near some shipping point. While it may not be necessary actually to 
lay the pipes and connecting lines, sufficient pipe should be on the ground 
ready to connect, and the plans well formulated for its installation, so that 
the tanks at the well may be connected with the main storage tanks before 
the capacity of the former is overtaxed. 

The storage facilities provided at the well consist either of steel or 
wooden tanks, or of earthen or concrete-lined sumps. Sumps are gener- 
ally not covered, while tanks are usually roofed over. 
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Sumps. — An open sump is the cheapest type of local storage, and is 
the kind usually i)rovidcd in low-gravity oil districts where evaporation 
losses are not a serious consideration. Open sumps are often constructed 
by simply scooping out a little of the surface soil near the well, with pick 
and shovel or scrapc'r, and piling th(' earth so removed around the excava- 
tion to form an (*m})ankm(*nt that will further increase the storage 
capacity. Sometimes natural depressions in the vicinity arc utilized for 
sump storage. Perhaps no pn'paration of the ground will be necessary; 
Qccasionally a small dam across a gulch or dry stream bed will be 
sufficient. 

Such a sunif) should be situated as near the wvW as convenient, and 
if the ground is at all slojnng, it should be on the down-hill side in 
order to gather all seepag(‘ and drainage that is bound to occur around 
the mouth of the well, especially during the operations of pulling tubing 
and cleaning. 

Th(‘re are s(‘veral objections commonly raised against the use of open 
earthen sumps. It is evident that there are apt to be excessive losses due 
i.o evaporation of the lighter and more valuable constituents of the oil, 
by contact witli th(' air and by tlie heating effect of th(‘ sun. Th(‘re must 
also f)(' considerable loss due t-o seepage through the earthern banks and 
bottom of the sump. f\irth(Tinore, th(^ oil may become contaminated 
with small i)articl('s of earth ; and in tim(‘ of rain, much surfa(;(i and ground 
water will also find its way into tlu' sunif), causing more or less loss of 
oil in the sul)se(pient s(‘y)ai*ation of the water from the oil, and danger of 
overflow caused by floods. 

Evaporation losses from ('arth('rn sumps may be rcHluced sonniwhat by 
constructing a roof or cover over the pool. This also is effective in keep- 
ing out rain; and ground water may be controlled, even during a flood 
season, by projier drainage around th(' sump, that is, by digging small 
ditches around the sump to collect and carry off the surface waters. 

Seepage lossc's will be n'duced to a considerable extent by a proper 
preparation of tlu' inside' surface' of the' sump, (day is generally used for 
this pnr])e)se', be'ing rammed or re)lled into a smooth, impc'rvious lining 
that prevc'iits much of the le)ss of oil that woulel otherwise' take place 
through an e'arthe'n or sanely ])e)ttom. 

Tt is ajipare'iit that the' gre'ater the surface area exposed liy an oil 
sump te) the' atme)s])he‘re', the giVater will be the le)sses by e'vaporation. 
Evapoiatie)!! le)sse's from a sump may there'fore' be' reMlueaHl, keeping the 
volume of tlie sunij) constant, by making the sump de'e'per anel exi:)Osing 
less surface to the action of the' sun and air. Losse's due to seef)age, on the 
other hanel, incre'ase dire'edly with the area of the sieles and bottom 
expe)se'el te) the' e)il, anel the* are’a se> e'xpe)se*el to seepage* will be greater for a 
elee'p suiiij) e)f re'lative'ly small e'vaporatie)n surfaeu* than for a shallow 
sumj) of large* supe'rfieaal aie'a of the same; capacity. The extra cost of 
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constructing deep sumps of small surface area is an important item that 
prevents as much attention being given to the building of sumps as the 
magnitude of the evaporation losses would seem to warrant. 

Light oil standing in open earthen sumps has been known to shrink 
as much as 40 per cent in the course of from 15 to 20 days. Oil between 
33 and 34° in Baume gravity, standing in open tanks exposed to the air 
and sun for only 24 hr., has been known to lose 4 per cent of its original 
volume by evaporation alone; and when it is reniemb#'red that these 
losses represent the lighter and more valuable constituents of the oil, it ^ 
is apparent that their reduction is a mattiT well worthy of serious con- 
sideration. One reason why the producer does not take greater interest 
in evaporation losses of oil is that he often receives the same price per 
barrel for his oil regardl(‘ss of its gravity. In the low-gravity oil districts 
of ("alifornia, for (‘xainjde, 17°B(^. oil commands no higher price than 
does 14° oil; th(' loss of a few points in Baume gravity therefore means 
little to the produ'cer. It is simply an economic loss that the refiner or 
consumer ultimately pays by using a poorer grade of oil. Loss in bulk, 
however, is another matt(‘r, n'presenting a dirt'ct loss to the producer of a 
certain pe^rcentage of his product. 

Another point worthy of note in the discussion of open sumps is the 
increased fin' risk. There is often more or less gas on the surface of 
such sumps, r(*ady to flash at the slightest spark and set fire to the entire 
pool. When such a fin* once starts, thc^re is little chance of stopping it, 
and it means the loss of at h'ast the oil in the sump, and in addition, the 
danger of sett ing fire to t he near-by well and derrick. On account of the 
fire risk, th(' sumps should be placed at least 100 ft. from the well, and 
the intervTiiing space should be kept free from dry grass and other 
vegetation. 

While th(‘ disadvantage's of sump storage* are fully recognized by most 
producers, it is occasionally the only feasible plan for gathe'ring the oil 
as it f]e)ws fro]]i the well. For example, if large quantities of sand or 
wate'r are jn’e)due;eel with the oil, the* sump e)fTers a reaely means of settling 
the impuritie's that may not be* as economically effected by any other 
method. 

Pre)visie)n must, be* niaele fe)r elraining water from sumps used for oil 
ste)rage. Oil, be*ing lighter than water, will of e'-ourse*. float on top of it, 
so that as the epiantity of water in the be)ttom of tin* sump increases, the 
available ste)rage* space fe)r e)il decre*ases. The bottom of the sump is 
given a slight sle)pe*, and the water collects at the lower side and may be 
elrained off through a pipe* suitably plac,e*el to tap the lowest stratum of 
liquid (see b^ig. 250). When the oil and water may be carried away by 
the* natural drainage*, the oil is allowed to ove'rflow inte) a box from which 
it cnte'rs iv pipe leading to t.he collecting mains. Often the* e)il is skimmed 
from the sump by the* sued.ion of a transfer pump. Losse*s of oil carried 
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away by seepage and overflow from sumps are often serious. Catch- 
basins constructed in the natural water courses are usually successful 
in recovering much of the oil. One such catchbasin, situated in a 
ravine that cuts across the Kern River field of California, recovered an 
average of 85 bbl. of oil per day for more than 8 years. 



Fig. 250. — Arraugomcnt of sump for continuously separating water from oil. 


Tanks for Initial Storage. — Many of the disadvantages of open sumps 
may be obviated by the use of wooden or steel tanks. Losses due to seep- 
age are reduced to practically zero in such a storage; ground water, 
rain and dirt may be largely eliminated or prevented from mixing with 
the oil; and if the tank is properly covered and protected from the sun, 
evaporation losses will be reduced to a minimum. Such tanks are almost 
universally used in the high-gravity oil districts where the losses in 
the lighter and more valuable constituents, which would otherwise be 
incurred, make such installations indispensable. Tanks are used on the 
better managed properties, even in the low-gravity oil districts, for they 
possess other advantages, aside from reduction in seepage and evapora- 
tion losses, particularly in the process of gaging and sampling oil, and 
also in the control and regulation of the gathering system. 

Tanks used for the storage of oil at the well are usually small — say, 
from 25 to 100 bbl. in capacity, occasionally more — and one or more such 
tanks are placed at each well. It is best to have two tanks at each well, 
so that if repairs are necessary in one, the other may be used to accommo- 
date the flow from the well while the repairs arc in progress. Ordinarily 
both tanks would be in use, the two being connected by piping and suitable 
valve control so that they may be used together or as separate units. 
These tanks are nearly always 'cylindrical, with the axis of the cylinder 
vertical. 

If the oil contains some water as it comes from the well, a pair of 
tanks may be utilized to separate a part, or in some cases all, of the water, 
by pumping all the fluid produced by the well into one of the two 
tanks, which is utilized as a settling tank. From the top of this 
tank, clean oil is drawn off into the second tank which serves for oil 
storage. Periodically, clear water is drained from a tap placed in the 
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bottom of the first tank until some oil bjBgins to drain off with the water. 
A drain is usually also provided in the bottom of the second tank to carry 
off any water that has not had time to settle out in the first. Clean oil 
is pumped or allowed to flow into the collecting system from the top of 
the second tank. 

These tanks are made of either steel or wood. Wooden tanks 
are of the wood-stave variety. Metal tanks are usually built of riveted 
sheet steel or iron; frequently galvanized iron is used, ‘since it resists 
corrosion better than black iron. The metal used is sometimes in flat 
sheets, sometimes corrugated. Bolted tanks are widely used for initial 
storage. In either case the metal sheets are fastened together to form 
a large cylinder, and the joints are either calked or soldered so that 
they do not leak. The bottom is flat, is made of riveted sheets and is 
made watertight in the same way. Further details of this type of tank 
will be found in Chap. XVII. 

A common size of tank used for initial storage is one about 10 ft. in 
diameter and 8 ft. high, which has a capacity of 100 bbl. A tank of this 
sort is usually i)rovide(l with a low conical cover which serves to keep out 
rain and prevents evaporation losses to a considerable extent. Tanks 
are often providtjd with close-fitting covers made of boards and roofing 
paper. Some sort of a vent in the cover must usually be provided to 
allow any gas which forms, or which may be pumped in with the oil, to 
escape. A gage hatch and manhole are also necessary. 

Such a tank is often supported on a level timber framo, which serves 
to give an equal bearing and distribution of the load over the entire bot- 
tom, and at the same time holds the metal bottom up off the ground and 
reduces rusting. Frequently tanks arc placed on a carefully graded site 
surfaced with loose oil sand. A 100-bbl. tank must be well constructed 
and supported, since the weight of the oil that may be stored in it is 
about 16 tons. 

When a tank is used for initial storage at the well, it is connected 
directly with the lead line which conducts the oil from the well (see 
Fig. 202). This direct connection gives a considerable advantage over 
the usual sump storage methods, in preventing evaporation losses by 
contact with the air. In the same way a free-flowing well may, by proper 
arrangement of lines and control of pressures, be made to discharge 
directly into the storage tank, even though the latter is at some elevation 
above the mouth of the well. 

THE OIL GATHERING SYStEM 

The system of pumps, piping, valves, etc., by means of which oil is 
transported, and the flow controlled, from the well to a main storage or 
shipping point, is called the “gathering system” or “collecting system.” 
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Many ccaiionii(\s arc possible by proper design of the gathering system to 
secure the maximum advantage of gravity flow, with minimum consump- 
tion of power and minimum loss of oil. 

When a sump or tank is located in the bottom of a natural depression, 
or is so situated that its surface is below the level of the point in the 
gathering system with which it must connect, it is necessary to pump the 
oil to the point of connection. An ordinary oil well plunger pump is 
often used for 'this purpose, operated, perhaps, l)y a jack and pull line 
, from the near-by rig, an arrangement by which the rig pumps from both 
the well and the sump. A connection with the end of the walking beam 
nearest the engine house (in a typical “standard rig^’) is sometimes pro- 
vided, so that each ('nd of the beam operates a pump. 1'he auxiliary 
pump, operated by the rear end of the walking beam, is known as a “tail 
pump,” and is often used when oil cannot be gravitated from the well. 
Such a pump is usually made out of an old working barrel, no longer 
serviceable in the well, and is equipped with a standing valve at the lower 
end, and a leather cup valve above. The whole arrangement is bolted 
to the main sill of tlu^ derrick, in line with the ouisid(' end of the walking 
beam. A polished rod extends upward to the (md of the Ix'am, to which 
it is attached by a stirrup or metal t('e, as in the (‘as(‘ of th(' ordinary 
sucker rod connection. 

The tail pump has a 3-in, suction line extending to th(’ lu’ar-by sump 
or small tank, and discharges directly into the colk'cting system, a check 
valve being placed at the point of connection to prevent back-pressure. 
If the well does not produce enough oil to ke(»p the tail pump working 
continuously, instead of nnnoving or discon ne(^ting it when th(^ sump has 
been emptied, a by-pass may be installed, leading back to the sump, so 
that by closing the discharge valve and oj)(*ning the by-pass valve*, the 
remaining oil cireailates in closed circuit with eacdi stroke of the beam. 
The pump is thus prevented from losing its .suction and from drying out. 
The capaeaty of such a tail puinf) is about the same as the; ordinary oil well 
plunger pump of the same size, .so that it cannot, lx* used with wells pro- 
ducing more than 350 or 400 bbl. per day. 

When a tail pump has insufficient capacity to ac(*omplish the transfer 
of the volume of fluid entering the sump or tank at tin* w(*ll, it will be 
necessary to install a reciprocating pump, preferably a duplex oil tran.sfer 
pump of suitable capacity andklesign. This may bi* driv(*n by steam or 
compressed air, or it may be operated by an electric motor; and it must 
be capable of developing sufficient pr(*s.sure to handle the r(‘quir(*d volume 
of oil during the coldest season of the year. Figure 257 illustrates a type 
of oil pump that is commonly used for oil transfer purpose's on the ‘4ease.” 

The oil gathering system must, of course, be de.signed to fit the 
conditions imposed in each individual case. The contour of the ground 
not only has much to do with the layout of the gath(‘ring system, but 
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influences the selection of a site f6r the cjehydrating plant, storage center 
or shipping point with which it must connect. 




It i.s rtssuin(‘d thjit small tercMviiiK and KaRing tanka at <^ach wcll-^iiot indicat»*d in tin* dlusiration — 
are p1itc*('d at a siiflicient f'h'vatioii to permit oil to flow againat the general ground slope for short 
distances 


SiiK^o a propcaiy is usually developed in a proved oil area by drilling 
the outside locations first, that is, by “offsetting,’’ it will soon become 
encircled by a collecting system which connects with the storage tank at 
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each line well (see Fig. 258). The natural drainage is always toward 
some one side or corner, and advantage will be taken of this in determining 
the direction of flow in the pipes and the position of the main storage 
system. The storage center, dehydrating plant or shipping point should 
therefore be placed on the lowest corner or side of the property when 
feasible. Frequently the shipping point is determined by the location 
of some pipe line already in existence, and the gathering system must 
lead to what may be an otherwise unfavorable location. The shipping 
facilities are often under the control of other interests than those which 
are concerned with the exploitation of the oil property itself, and perhaps 
one trunk line running along the boundary between two adjoining proper- 
ties will determine the terminal facilities for operators on either side of the 
line. One or the other of the two operators must then run his gathering 
system up-hill, and pumping will be necessary. In such a case, the best 
practice would usually be to drain such portion of the field as may be 
effected by natural drainage, to the shipping point, and allow the oil from 
all other wells to drain into a large storage provided at the lowest point 
on the property. The oil may then be pumped up to the shipping point 
by an efficiently operating steam or electric pump, large enough to handle 
the total volume. Such an arrangement is preferable to the operation 
of a number of small inefficient pumps located on different parts of 
the property. 

The mains of the gathering system must be of sufficient size to carry 
the production of the property, or that portion of it which they serve, 
though if sufficient initial storage is provided at each well, it will probably 
be unnecessary to draw from every well at the same time. The tanks 
for initial storage at the well should be of adequate size to take care of the 
production of the well for say, one day; and the gathering system will 
probably be able to carry this off in an hour or so. During the remainder 
of the day, the main gathering lines will be utilized in draining oil from 
tanks at wells on other parts of the property. The collecting mains will 
therefore not be drawing from more than a few wells at any one time, but 
it is apparent that any particular part of the gathering system must have 
a daily capacity somewhat in excess of the aggregate daily capacity of the 
wells which it serves. 

In some instances where oil wells arc located on hilly ground, deeply 
cut by small streams, the design of a gathering system becomes a difficult 
matter. One main may serve only two or three wells, and the laterals 
become extremely irregular in length and direction. In flat territory 
the necessary head to cause a flow in the collecting system is provided by 
placing the initial storage tanks at the wells on platforms 10 ft. or so above 
the ground. 

The sizes of pipe used in constructing the gathering system will vary 
with the volume of oil to be transported, with its viscosity and the 
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pressures which may be applied either through the instrumentality of 
pumps or by the action of gravity. The factors determining the quantity 
of oil that may be transmitted through a given pipe under stated condi- 
tionS; and the selection of pipe sizes and pressures to transmit a given 
volume, are discussed in detail, and formulae for their determination are 
offered in Chap. XVIII. 

, The pipes are usually buried a foot or so in the earth in order to protect 
them from the hot sun which causes undue expansion in the line, and from 
low winter temperatures which cause contraction and which also prevent 



Fig. 259. — Arrangi*mcnt of gathering lines for connecting a group of wells with a pair of 

small tanks. 

One of the two tanka ia used for storage while the other may be used for gaging tlie flow from each 
well of the group in succcasion A suitable pipe manifold accumpliahes diversion of t^e flow from any 
well to one or the other of the two tanks. 


the oil from flowing readily due to increased viscosity. The lines should 
be carefully graded and their position with respect to the topography so 
selected that there will be the fewest possible number of depressions or 
low points in the line that will not be fully drained by gravity flow. 

Some gas is almost certain to find its way into the gathering system, 
and when necessary or convenient, blowoff valves should be provided to 
relieve the gas pressure. The gas will tend to accumulate at the crests or 
high points in the linc,^and blowoff valves should preferably be located 
at such points. A check valve must usually be placed in every lateral 
of the collecting system just before it connects with a main, in order to 
prevent oil from flowing into the lateral from the main in case of inequali- 
ties of pressure. Adequate valve control is a very desirable and neces- 
sary feature in every gathering system, for there must be means of 
shutting off any well or group of wells at will, and individual control of 
each lateral in case of necessity. 
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The provision of individual oil storages tanks at (*ach w(41 is regarded 
as a needless expense by many operators, who content themselves with a 
smaller number of larger tanks, each being conveniently situated to pro- 
vide* temporary storage of the oil from a near-by group of wells. Lead 
lines from the wells load to the nearest tank, and the gathering system 
connects the several tanks with a main storage center. In such cases it 
is often impossible to gage accurately the production of any individual 
well of the group, and one of the most useful features of unit control and 
. individual w(41 records is sacrificed. However, if each well is connected 
with the initial storage tanks by a separate lead line, it will be possible — 
if two tanks are available and adequate valv(' control is ])rovided, to divert 
the flow of each well for a time into one of the tanks which serves as a 
gaging tank. The other tank of the pair receivers th(' flow from all other 
wells of the group while the gaging tank is in use. By y)eiiodically gaging 
each well in turn in this way, adequate production records for most 
purposes can be obtaiiu'd (see Fig. 259). 

GAGING, SAMPLING AND TESTING OF CRUDE PETROLEUM 

Duties of the Oil Gager. — The oil producer finds it lunjessary to 
employ one or mon* individuals called “gagers,” who are charged with 
the duty of making sindi measurements of oil as may be required, with 
the gathering of samf)les of the oil, and testing them to det('rmin(‘ (quality. 
It is necessary to make ni(‘asurements of the volunu^s of oil run from the 
producer’s tanks to pipe line companies or othc^r purchasers, in order that 
proper financial adjustments may be mad(' b('tw(‘en the buyer and seller. 
The quality of the oil, that is, its gravity and freedom from water and 
suspended solids, is equally important, inasmuch as values are often 
based on density and payment is only made for “net” oil or oil free from 
impurities. Furthemon*, many pipe line companies refuse to acct'pt 
oil containing more than a certain allowabh' percentage (usually 2 or W 
per cent) of impurity. In addition to measurement of the gross oil pro- 
duction ^ind shipments of a property, inventories of oil in storage', etc., 
it is desirable to have a means of recoreling the* quantity anel quality of 
the e)il produceel by each well. Such a rece)rel is of great assistance* in 
making valuations e)f the property, in distinguishing between the ])rofitable 
and unprofitable wells of a. group and in making stiielies of water 
incursion. Such individual we^ll produe*tion rece)rds are required by law 
in (California. 

Gaging in Vertical Cylindrical Tanks. It is customary to determine 
oil volumes by measurem(*nt in vertical cylindrical tanks of known capac- 
ity. Tank tables, prepared by carefully “strapping” or measuring the 
tank, show the capacity for all depths of ftuid. There is usually a layer of 
water, emulsion and solids (^^R. S.” or bottom settlings) in the bottom of 
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the tank, the volume of which must be deducted from the measurement of 
gross volume, as indicated by the top oil surface. In addition, there may be 
water, emulsion or solid substances in suspension in the oil, their amounts 
being determined by sampling and centrifuging. The percentage of 
these impurities, known as the ‘^cut,’’ is multiplied by the total apparent 
volume of oil to determine th(‘ amount of a further deduction. The 
net result after these deductions from the gross fluid content of the tank 
gives the voluiru^ of eh'an oil. • 

Preparation of Tank Tables. - In order to have a means of readily 
determining the volume corresponding to any depth of fluid in the tank, 
tables are prej)ared which give the (capacity in barrels for each Is in. of 
depth. In preparation for this, the tank must be carefully measured or 
strapped.” The problem of preparing the table is complicated by the 
fact that the tanks are. s('ldom true cylinders. Furthermore, the tank 
foundations may have settled irregularly so that the oil stands at slightly 
greater depth at some points than at others. Measurements of the 
outer circumference* of the t ank are made with a steel tape at one or more 
levels, usually at the top of the second ring and occasionally at the top 
of each ring. From these outeu* circumfenuices and the known or mea- 
sured thickru^ss of the tank shell, the corresponding inside^ (areairnferences 
can be calculated. This is conveniently accomplished with fair accuracy 
by deducting ft. for each ^ n; in. of thickness of the tank shell, 

from the out(u- (drcumference (*xpress(*(l in fe(‘t. Depth measurements 
are also made on the outside* of the* tank at several points, measuring, in 
the case of a rivetenl steel tank, the v(*rtical distance between the top of 
the upper flange* anel the bedtemi of the lower flange. 

The following foriniilne* are used in ealeiihiling tank volume's.’ 


C- X ()()11<S()4 = Jiarrels per ineh of eh'pth. 

C’ X ('001475 = Barrels per 'h ni of deptli 

C" X ('002051 = Barrels per ^ | in. of elepth 

D- X ()11()5() = Barrels per ineh of depth. 


(' anel D in th(\se formulae are the* inner eire.umferenec and inner eliameter of the tank, 
respee! lively, both ex])r(‘ssed in feet. The barrel contains 42 U. S. gal. The total 
eiapaenty of a t ank may be determined by the following formula: 


Tejtal capacity in barrels 


(Inside diameter in feet)'- X (Depth in fe‘et ) 
7.15.407 


In the case of steel tanks, the volumes are calulated on the assumption that the 
tank is a true cylinder, of the average circumference nu*asured for the particular 
cross-section during the “strapping’' process. If thpre has been any noticeable 
variation in circumference at ditTer(*nt levels, tin* proper circumference to use at any 
particular cross-si'ction may be determined by interpolation between tJie measured 
circumh^rences. Wood-stave Itinks, which are often used for storage and gaging 
purposes in the niid-contuu‘ntal and gulf coast, fields, are made somewhat \ar get aV. 
the bottom than at the top. In this case, the tank is in the form of a truncated cone, 
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but for simplicity the volumes are calculated as horizontd segments of a cylinder 
having the average diameter of the conical segment. Corrugated iron tanks offer some 
difficulty in determining average circumferences due to the variations introduced by 
the crests and troughs of the corrugations. The average diameter can be approxi- 
mated, however, from the depth of the corrugations, and since such tanks are usually 
of small size, the errors resulting from slight inaccuracies in measurement of average 
circumference are not great. 

In preparing the tank tables, volumes for each J^-in. horizontal cross-section are 
calculated, beginning at the bottom and determining cumulative volumes by succes- 
sive additions of the )^-in. capacities. This computation gives the total volume 
within the cylindrical shell, from which must be deducted the volume of all roof 
supports and swing pipe connections, to determine net storage capacity. “Dead- 
wood” deductions arc computed from carefully made measurements of all objects 
within the tank, their total displacement for each interval determined and the 

amount deducted from the corresponding gross capacities. A 55,000-bbl. tank with 
wooden roof supports will generally have between 700 and 800 cu. ft. of deadwood to be 
deducted in this way from the gross volumes, in determining net storage capacity.^ 

To facilitate depth measurements in a concrete reservoir or large concrete tank 
having sloping sides and bottom, a “gage plate” is usually set in the concrete bottom 
as near the lowest point in the reservoir as may be feasible. ^ Such a plate is 2 or 3 ft. 
square and is carefully leveled. Directly above, in the reservoir roof, the gage hatch 
is located, and sometimes a perforated pipe is provided, extending from the gage plate 
to the hatch. This serves as a guide for the plumb bob and tape. Tables are pre- 
pared showing the capacity of the reservoir for all elevations above the gage plate. 
Since it is not usually possible to place the gage plate at the lowest point in the reser- 
voir on account of the danger of accumulation of sediment, the sloping bottom and 
swing pit will contain considerable oil which may be below the gage plate, and there- 
fore unmeasurable. In order to determine the amount of storage capacity below the 
gage plate, careful measurements are made before the reservoir is placed in service. 
The elevation of various points well distributed over the bottom is determined with the 
aid of a level and rod, and a contour map is prepared, from which the capacity for each 
1-in. increment of depth is calculated. If the reservoir is circular in form, the sloping 
sides above the gage plate may be treated as the frustrurn of a cone in the calculations, 
and circumferences averaged for each 3'^-in. interval. Elliptical or irregularly shaped 
reservoirs can best be dealt with by developing a comjdete contour maj) for the entire 
reservoir, the sides as well as the bottom, graphically determining areas w^ithin succes- 
sive contours with the aid of a planimeter. If the side slopes are fairly uniform, the 
contour interval may be 1 ft., intermediate horizontal cross-sections at intervals 
being computed by interpolation. 

■ The gage tables may be prepared in either of two ways. The customary method 
consists in giving volumes by increasing progressively upward above the bottom of the 
tank as a datum or level plane, marking zero volume. The volume indicated by the 
table for the top surface of the oil gives at once the gross volume of fluid in the tank. 
Some operators prefer the second type of table, which gives volumes increasing 
progressively below an established datum at the top of the tank. These are called 
“outage” tables. They really indicate the volume of air space above the oil. Such 
tables are generally used in connection with “shipping” tanks, which are used to 
measure the oil run from the tank into a purchaser’s pipe line. The oil run is always 
the volume obtained by the difference of two measurements, one at the beginning of 
the “run” and the other at the end. The fluid in the tank is seldom entirely drained. 
For such purposes the outage table is more convenient, inasmuch as the necessary 
measurements of oil level can be made without the necessity of lowering a measuring 
device through the oil to the bottom of the tank. 
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Temperature corrections are not always applied in the field measurement 
of crude oil volumes, though when a large volume of oil is gaged at unusual 
temperatures a considerable error may be introduced. It is customary 
to deduct 1 per cent from the measured volume for each 20° above 60°F. 
An equivalent correction is added for each 20° below 60°F. This is based 
on an assumed average coefficient of expansion of .0005, which is a 
fair average for Pennsylvania oils. Though commonly applied elsewhere 
in the United States, this figure is too high for California and other low- 
gravity asphaltic base oils. For California oils, an average coefficient 
is about .00038, which is equivalent to a correction of 1 per cent for 
each 25° change in Fahrenheit temperature. The coefficient, however, 
will vary for different oils, and for the same oil at different temperatures. 
Hence, if accuracy in measurement is important, the coefficient of expan- 
sion of the particular oil at the temperature of measurement should be 
determined.* 

Depth Measurements. — In determining the depth of fluid in a tank, 
it is customary to lower a heavy plumb bob on the end of a steel tape, 
until it just touches the bottom of the tank. A heavy bar of metal must 
be used as a plumb bob when dealing with very viscous oils. If a light 
plumb bob is used, there may be some slack in the tape so that too great 
a depth of fluid is recorded. On being withdrawn, oil clings to the tape, 
leaving a mark from which the position of the oil surface may be deter- 
mined. If a piece of the tape has been cut off corresponding to the length 
of the plumb bob, the lower end may be made zero and a direct reading 
of the depth of fluid obtained from the tape graduations. Depth 
measurements must be carefully made, especially when gaging oil in 
large tanks. In a 55,000-bbl. tank, an error of only in. in depth 
measurement means an error of 19 bbl. in gross measurement. In 
small-sized tanks, gage poles or rods are often used instead of the tape. 
These may be graduated in the same manner as the tape or they may have 
only the foot marks indicated on a rough scale, closer measurements 
being made with a tape or a short wooden scale graduated to read to 
eighths of an inch. 

When making measurements of position of the oil surface for use with outage 
tables, a mark or knife-edge is established at the roof level of the gage hatch, from 
which all measurements are taken.® The tape is lowered, with the heavy plumb bob 
attached, until a few inches of the plumb bob are immersed in the oil. A scale divided 
into inches and eighths is attached to or etched on the plumb bob, the scale reading 
downward from the zero point of the tape which is attached to the top of the plumb 
bob. With the plumb bob partly immersed below the oil surface, the tape is carefully 
lowered until the nearest foot mark is brought opposite the knife-edge or other refer- 
ence mark. The tape is then withdrawn and the reading on the plumb bob scale 
noted and added to the footage indicated on the tape. The method is indicated 

* Bearce, H. W. and Pepper, E. L., Density and thermal expansion of American 
petroleum oils, U. S. Bureau of Standards, Tech. Paper 77, 1916. 
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in 260 tiiul 261. An instriinient known as a liook gage lias been devised to 

facilitate outage measurements (see Fig. 262). When looking down upon the oil 
surface, it is easy to note precisely when the jx>int of the hook emerges from the oil 
surface. The zero jwint of the tape is on a level with the point of the hook, so that 
measurements with respect to the datum mark are read directly on the tape. 



Fkj. 2 0 0. — Ilhistrjitinu 
method of nuikiiiK “oiitaK(‘” 
measiireniont.s. 




Zero Point 
of Tape 

\-~Metal Pin 




FicJ. 201. Steel 
tape ami j>luml»-l)oh 
for oil KasiiiK. 




(Foxlforo Co , 1 nr , Foxhnro, Masa ) 
Fi(i. 20.S. — Fo.xhoro li(]ui(l depth 
indicator. 


. Various types of floats have been devised which are placed within the tank and 
connected by a system of wires or chains jiassing over pulleys, with a dejith indicator 
operating between vtTtical guides against a scah‘ placi'd on th(' oiitsid(‘ of tht* vertical 
shell of the tank. Such devices can scddoni be made sufTieiently accurate for ?>i-in. 
measurements, and the floats do not maintain a constant position with respect to the 
oil surface. 

A device for indicating dc'jiths or (piantities of oil in tanks known as the Pneiimer- 
cator, has been patiuited within rewnt years, and is used to some extent in fuel oil and 
refinery storage tanks. It- has not as yet been used to any great- extent by oil pro- 
ducers, and it is thought would not be sufficiently accurate for use in large tanks where 
accurate gaging is essential. It consists of a small, hell-shaped tank submerged in the 
oil at the bottom of the oil tank, and open at the bottom to the pressure of the hydro- 
static head of oil above it. Air imprisoned within the device is compressed 
or expanded as the head of oil in the tank is altered. Air connections arc made from 
the air tank by small tubing to a didicate jiressure gage which indicates pressure 
variations to an observer. The pressure so recorded is directly proportional to the 
depth of fluid, and the gage dial is graduated to read directly in feet and inches, A 
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somewhat similar liquid level gage is manufactured by the Foxboro Company, Incor- 
porated, of Foxboro, Mass, (see Fig. 263). I» this instrument there is provided a 
flexible rubber diaphragm which separates the air chamber from the oil. The dia- 
phragm, in turn, is protected by the use of a liquid seal, filled with a fluid heavier than 
oil, which does not attack rubber. Variations in air pressure are recorded through 
the medium of a small flexible copper tube, on a lovv-p^^ssure recording gage. The 
specific gravity of the oil must be taken into account in cimverling observed pressures 
to equivalent depths of oil, but this may be done by a mechanical adjustment on the 
gage. Such an instrument may also be used to indicate variations in gravity of oils, 
providing a constant head of oil ean be secured. An electric alarm liell may also be 
operated by it to indicate that a tank has reached full capacity, thus preventing loss 
and damage by overflows. 

Water-finding Devices. — For determining; the depth of the water 
layer in the bottom of an oil storage tank, various devices known as 
“water finders.” have* developed. Perhaps the best of thovse is one 
which makes use of a strip of paper coated with a yellow-colored material 
that is soluble in wabu* but not in oil. Such a strip of prepared paper, 
attached to the plumb bar and lowered to bottom on the gaging tape, 
will indicate th(' precise position of the water surface' by a change in 
color of that portion of the' strip subjected to contact with the water. 
Ordinary white chalk rubbed on a foot or two of a gaging pole will, after 
the pole has bee'ii lowerc'd to bottom, also indicate the de'pth of the water 
layer. Molasses on tlu' gag(' rod has been effecti^Tly used in the same 
way. Ebony wood is wetted by contact with wateu*, but not by oil. 
Hence, a scab* made' of this material, lowerc'd to bottom, will, on being 
withdrawn, indicate the dc'pth of the water luyer. 

It is seldom nec.c'ssary to measure a water layer of any great depth in 
the bottom of an oil tank, since the tanks are usually equipped with water 
drains through which all but a few inches of the water will b(' drained off 
prior to gaging. It is s(*ldom po.ssible to drain the* water completely 
from a tank without loss of some of the oil. 

Some attention has bei'ji given to the* elevoloiimcnt of a water surface 
indicator in the nature of a fioat which is heavy enemgh te) sink through 
e)il, but light eneiugh to fleiat e)n water. The* narrow margin between the 
specific gravities e)f water anel petrolenim has maele the design of such a 
float difficult except in the* case of the* lighteist oils. 

Oil Meters.- Attemf)ts have been made to adapt various types of 
fluid meters to the me*asure*me»nt of oil, but up to the present time with 
indifferent succe*ss. At any rate, no oil meter has ye*t been developed 
which approaches in accurae*y thei precision possible with ordinary tank 
gaging methods. The high viscosity^ of most oils at normal temperatures, 
irregularities in flow characteristics and variations in density are among 
the variable's whiedi make the design of such a meter difficult. 

Orifice meters have lieen adapted to this service, probably with more 
success than any other type. The loss in pressure after passing through 
an orifice in the pipe through which the oil flows is continuously measured 
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and recorded on the chart of a differential recording gage. From the 
differential pressure so recorded, it is possible with the aid of certain 
known constants pertaining to the orifice to compute the volume of oil 
passing the meter. The same type of apparatus is used as is so gener- 
ally employed in the measurement of natural gas. The only variation 
introduced is a water seal on each pressure connection, which prevents 
the oil from coming into contact with the delicate mechanism of the 
differential gage (see Fig. 264). 



Differential 

Pnssaarg Gmye 


D and U art* pf! 

line connections. 
'‘S’ctncl'Yare yrater 
seals 

"Li'crncl "H "are 
differenhat 
connections 
"h''is the differ- 
Gnha/ pressure 
from ivhlch the 
t^iantify of Oil 
ffotving may he 
ComfMited 

{Courtesy of Metric Metal Works, Erie, Pa ) 
Fia. 264. — Orifice meter for measuring flow of oil through a pix^e. 
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The Venturi type of meter with differential recording gages, as designed 
and manufactured by the Builders Iron P'oundry of Providence, R. I., 
has also been used for the measurement of oil. 

In meters of the orifice and Venturi types, special constants must be 
developed for the orifices and tubes used. These vary throughout a 
wide range with changes in the density and viscosity of the oil. Our 
present somewhat unc.ertain knowledge of these constants is one of the 
factors which prevents a wider use of such meters in the measurement 
of oil. 

Sampling Oils. — Measurement of oil volume is only one of the two 
factors entering into the determination of value. Quality also must be 
determined; and for this purpose samples must be collected. Care must 
be taken to make certain that the samples collected arc truly representa- 
tive of the entire volume of oil sampled. Errors of considerable magnitude 
may be introduced as a result of careless or improper sampling. For 
example, in sampling the oil flawing from the lead line of a well, great 
variations in water content of the oil may be noted.® While mixed dipper 
samples taken at regular intervals over a sufficient period of time may 
provide a fair average sample of the fluid produced by a well, better 
results are obtained by running the oil into a small gaging tank and samp- 
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ling the oil after most of the water has settled out.* Some of the water 
may be emulsified, however, or may be* in such finely divided condition 
that it remains in suspension for a considerable period of time. Finely 
divided particles of clay or sand may 
also remain in suspension. There is a 
gradual settling of this water, emulsion 
and solid material toward the bottom 
of the tank, so that samples taken at 
various depths will show an increase in 
impurities toward the bottom, while 
samples gathered near the top will 
be comparatively free of water. Oil 
stored for a considerable time in large 
tanks or reservoirs will develop pro- 
nounced stratification, so that samples 
must be taken at several depths and the 
results averaged. Even the gravity of 
the oil may vary somewhat at different 
levels, in oil that has stood for a con- 
siderable time. Evaporation losses in- 
troduce variations in the character of 
the oil that must be taken into account 
in determining the density of the oil, 
and they arc often also of sufficient 
magnitude to produce distinct changes in 
measured volumes, within comparatively B MineT^ulit 

short periods of time (see page 511). „ o^r 

^ t o / PjQ 2G,5.“-Rornw)n Fig 260 - Pipe 

For gathering samples of oil from a tank, nil tliief. sampler, 

several types of oil “thieves” have been 

devised. One of these that is commonly used is the Rorrison thief, which consists 
of a glass tube mounted in a brass frame and supported by a long chain (sec Fig. 265). 
The upper end is open. On its lower end is fitted a sliding disc valve, actuated by a 
spring, wdiich closes the lower end of the glass tube. The valve can be set with the aid 
of a trigger against the tension of the spring, so that the lower end of the tube remains 
open until the trigger is released by a sharp pull on a wire or cord attached to its control 
lever. With the valve set in open position and the trigger set, the thief is lowered to 
the desired level below the surface of the oil, the trigger is then released, the valve 
closes the lower end of the tube and the sample of oil imprisoned within the tube can 
be withdrawn to the surface. 

Less elaborate devices may be adapted to the same purpose. In tanks of moderate 
depth, a “core sampler” may be used. This consists of a brass tube or iron pipe, 
about H bi. in diameter, and of sufficient length to reach the bottom of the tank. 
A cork, is loosely fitted to the lower end and a wire attached to it in such a way as 
not to interfere with its use as a plug for the open end of the pipe. The other end 

A method for gaging oil and water at wells, California State Mining Bureau, 
BvlL 84, pp. 89-90. 
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of the wire is piissc^l tlirout^h tho pipe tiiul licl<l in th(‘ iniiuls of tlio sampler (see Fig. 
266), With the eork removed and suspended on t he wire a few inehes below the lower 
end of tiie pipe, the devie.e is slowly lowered through the oil until bottom is reaeJicd. 
By pulling upward on tlie wire (Connecting with the cork, the latter is drawn into the 
lower optcning of the pipe; a light blow struck with the jiipe on the bottom of the tank 
drives the cork in s(‘curely, and the ])ipe full of oil, representing a complete cross- 
section of the oil in the tank, may be withdrawn. Such a sample, when mixed in a 
suitable container, should Ik' a representative average for the entire tank even though 
the tank contents have become stratified. A more ac(curate sample is obtained, 
however, by mixing several similar samjdes taken at difTerent points over the oil 
surface. 



P^KJ. 2G7. — A l)(>U(‘d stoul tank equipped with sarnpliiiK cocks. 


In some cases where oil is n'giilarly and frequenllv gageal in a cerlam tank, as in 
the case of the so-called “shijjjnng tanks” from which oil is gaged to a pipe line com- 
pany or other jninchaser, special facilities are ofb'ii jirovided for securing a repre^senta- 
tive sample. One method that is commonly used is to provide a series (jf small pet 
cocks taiiping the tank through the cvhiidrical shell at uniform intervals of depth from 
top to bottom (s(?e P^ig 267). In this cas(*, by simply ojiening the valves, conveniently 
placed near the ground level, one after another, repn'sentative samples of the oil at 
different, depths are readily obtained. To p(*rniit of gat hering samples from different 
parts of the tank, two or more series of such sampling cocks are arranged at points 
equidistant around the circumference. 'I'he suction valves on shijiping tanks are 
usually locke*d wuth a chain and j>adlock, Drain jiipes and valves are conveniently 
arranged for draining waiter from beneath the oil, and sometina's gage glasses are 
connected at two points through the shell of the tank as in a boiler setting, to show^ 
the water level. 

Protection of Oil Samples. Oil Containem . — The samples gathered 
in the field must be carefully guarded against evaporation losses if they 
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are to be transported elsewhere before gravity tests are made.® Many 
gagers carry a set of oil hydrometers with them into the field, and make 
gravity tests on the oil as soon as the samples are collected. This prac- 
tice avoids evaporation losses and resulting errors in density measure- 
ment, but the samples must still be transported to the field laboratory for 
determining the percentage of water and suspended solids (the ‘'cut''). 
One hundred cubic centimeters of oil is sufficient for the centrifuge test, 
but gagers usually bring in samples of pint or quart size for tc'sting. Glass 
jars with wide necjks and metal screw tops, such as an* us(‘d for preserving 
fruits and vegetables, are well adapted to short-distance transportation.' 
Such containers leak, however, unless protected by rubber washers, which 
are soon attacked by the oil. They are therefore not well adapted to the 
shipping of samples by freight or express. A better tyjie of container for 
shipping oil samples is a small can with tight-fitting screw (;ap, which can 
be tightened securely to prevent leakage, ('are should be taken in filling 
sample containers, to leave an air space into which the oil may expand if 
subjected to higher temperatures during transit. It is important that 
each sample be nurnben'd or labeled, appropriately, pn^ferably with 
securely attached shifiping tags, marked with hard ixmcil, the indenta- 
tions of which will still be legible after the tag becomc's oil stained. Gum- 
med labels are apt to become detached if saturated with oil. 


Field Tests Applied to Petroleum 

The routine t(»sts applied to crude petroleum by the producer are 
confined to simple density and centrifuge tests, to determine Baum6 
gravity and percentage of water and suspended solids. Occasionally 
distillation tests, viscosity, fiashj)oint, calorific value and other tests may 
be applied for sjx'cial purposes, but the producer’s simph* laboratory is 
seldom equipped for these. 

Density tests an* usually made with an hydromi^ter suitably weighted ’ 
for oils of approximately the gravity of the oil to be tested, and etpiipped 
with a scale reading to tenths of a degree in the Baum6 scale for liquids 
lighter than water (sec footnote on page 5). Each hydrometer has a 
range of 11 degrees Baum^ : 10-21°, 19-31°, 29-41°, etc. They arc obtain- 
able in two sizes, one about 8 in. long, requiring only an ounce or two 
of oil for a test, and the other 12 or 15 in. long, to be used in about 16 
oz. of oil. The larger size permits of more aixuiratc readings, and is 
generally preferred for field use. The instrument used in oil work also 
contains a thermometer which indicates the temperature of the oil in 
Fahrenheit degrees. There are two general types of these “thermohy- 
drometers," as they are more properly called (see Fig. 268). The type 
having the thermometer scale at the top of the stem is to be preferred. 



474 


PETROLEUM PRODUCTION ENGINEERING 


The hydrometer is placed in a glass cylinder or “jar,” nearly 
filled with the oil to be tested, acid allowed to sink slowly into the oil 
until the position of equilibrium is approximately determined. It is 
then immersed to a depth slightly below this position and allowed to 
rise under the influence of the buoyant force of the oil 
until it floats without further vertical movement. The 
scale reading opposite the oil surface is recorded as the 
apparent Baumd gravity of the oil. If the color and 
transparency of the oil permit, the scale reading should 
be taken at the bottom of the oil meniscus formed by 
the contact of the oil surface with the glass stem of the 
hydrometer. If bubbles on the surface of the oil about 
the hydrometer prevent an accurate reading, they 
may be dissipated by bringing a drop of ether on the 
end of a glass stirring rod near them. The thermometer 
reading should not be taken until the mercury column 
has risen or fallen to the true temperature of the oil. 

The standard temperature for gravity measurements 
of petroleum is 60°F., and if measurements arc taken at 
any other temperature, suitable corrections in the 
ol)servcd readings must be made. The correction to be 
applied varies with the gravity of the oil and tlie tem- 
perature. No definite relation exists between these 
variables as far as is known, but tables have been 
.iwo.— prepared by the U. S. Bureau of Standards* (see Table 
Types of thermo- XXXIX) , giving the corrections to be applied over a wide 
hydrometers. range of densities and temperatures. For oils having a 
Baum6 gravity of about 18°, the correction is approximately 1° for 
each 20° change in Fahrenheit temperature. For 25°Be. oil, it approxi- 
mates 1°B6. for each 18°F. The correction is added to the apparent 
gravity if the observed temperature is below 60°F., and substracted 
when temperatures exceed G0°F. 

Other somewhat more accurate instruiiKuits that an^ occasionally used 
for density determinations when laboratory facilities are available, are 
the Westphal or specific gravity balance and the specific gravity bottle 
(see Fig. 269). The former determines sp(H;ific gravity by measuring the 
buoyant effect of the oil under test, on a glass i)lumni(»t of standard pro- 
portions which is immersed ‘ to a standard depth. The buoyancy is 
measured directly by accurately proportioned weights and riders, which 
can be placed at various divisions of a scale along the beam, on the end of 
which the plummet is suspended. Direct readings to three figures beyond 
the decimal point are possible with this instruTiumt, but it is not well 
adapted to the more viscous oils. The specific gravity bottle offers a 
* United States standard tables for petroleum oils, Circular no. 57, 1916. 
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Table XXXIX. — Temperature Corrections to Readings op Baum]^ Hydrom- 
eters FOR American Petroleum Qils at Various Temperatures 
(Standard at 60®F. ; modulus 140) 
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This tnblo j« oalculatod from the same data as Table II, Circular 57, Bureau of .Standards 


means of determining specific gravity by direct comparison of the weight 
of a standard volume of the oil in comparison with the weight of the same 
volume of water. It is a simple and accurate method which is adapted 
to all grades of petroleum, but is somewhat slower than the other methods 
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and requires the use of a chemical balance. Temperature corrections 
must, of course, be applied as in <fehe case of the hydrometer readings, 
when cither the specific gravity balance or bottle is used. The correc- 
tions, however, will be expressed in specific gravity units instead of 
Baum^ degrees. 



(a) Hydromctor and jar, {h) PyJ^nomotors or specific gravity bottles, (c) WestpJiul oi spccilio 
gravity baluiice 

The percentage of water and suspended solids in a sample of oil is 
generally determined by centrifuging a measurc'd volume of the oil in a 
graduated burette. The water and solids, being heavier than the oil, arc 
separated into distined layers in the bottom of the burette by the selective 
action of centrifugal force, and thtdr volumes read dir(K;tly by means of 
graduations on the side of the burette. 

Typical centrifuges, used for making ccmtrifugal tests on oils, are 
illustrated in Fig. 270. Some an^ electrically driven, some are operated 
by steam turbines, some by waterpower and still other types are hand 
operated. The* ek'ctrically driven type is preferable. The glass centri- 
fuge tubes vary somewhat in form (see Fig. 270), but should contain 
100 cc. of fluid. The upper portion of the tube need only be graduated 
at intervals of 10 cc., but the lower 15 or 20 (h;. in the conical portion 
of the tube should be accurately graduated to read to bmths of a 
cubic-centimeter. 

('arc must bo oxorcisod in solooting a ]x>rtion of the samplo for the test. The 
water and heavier solids tend to settle to the ]x)ttom of tlie container during trans- 
portation to the laboratory, and a vigorous .stirring may be necessary to secure a 
homogeneous and representative sample. Th(*Ti 50 ce. of the oil to be tested arc 
measured into a centrifuge burette and 50 cc. of gasoline, or a mixture of 9 volumes 
of gasoline with 1 of carbon bisulphide arc acided. The gasoline serves to reduce the 
viscosity of the oil so 1 hat separation of the impurities is more readily effected. The 
carbon bisulphide prevcuits the precipitation of certain solid hydrocarbons by the 
gasoline, which might increase the apparent percentage of suspended solids. A few 
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drops of hydrocliloric iicid arc added as a further precaution aRainst tliis contingency. 
After corking the burette, the solvent is throughly mixed with tlie oil by agitation. 
Duplicate tests are run on each sample in order that one may be checked against the 
other and the two averaged. After removing the corks, tfie burettes are placed in 
opjwsite tube holders on the centrifuge head. Water, or a solution of zinc sulphate, 
is ix)iired between the glass tubes and their metal holders, to serve as a cushion and 
prevent breakage of the glass burettes. The w^eight of each burette and holder, thus 
prepared, should be carefully determined and any difTerenccs in weight as between one 
burette and another, equalized by varying the amount of water used for cushioning. 



D E F 


Fifj. 270. — ApjJiiratii.s for (leUTiuiiiinn percentage of water and solids in petroleum. 

A elccincally-ilrivfMi ccntrifuRn, /), hand-operated cciitiifugc, Ji, rriitrifuK<‘ tube holder, E and h\ 
types’ of eentrifuRe tuboH, C, Bureau of Mines type of distilling appaiatus. 

Unless the loads on opposite' sides of the centrifuge h(*ad art' approximately equal, there 
is apt to be extreme vibration and danger of breakage. The centrifuge should operate 
at a speed of upw^ards of 2,000 revolutions per minute. Fifteen or tw^enty minutes’ 
rotation may be necessary to bring about complete sc])ara1 ion of the impurities. 

On removing the burette from its holder, the impurities will b(* found nicely 
stratified in the bottom of the tube, and volumes can be read off directly by reference 
to the graduations on the burette. The solid impurities will be in the lowest p)ortion 
of the burette. Above will be a layer of clear w^ater which represents the volume of 
“free’' water in the sample; and floating on this wilHie a layer of emulsion, if such is 
present in the sample. The clean oil, still thoroughly mixed with the solvent, wall 
occupy the remainder of the burette. 

Since 50 cc. of oil have been mixed wdth 50 cc. of solvent, making a total of 100 cc., 
we have only to double the observed volume in cubic centimeters, of each impurity, 
to arrive at figures representing their percentages in the original sample. It will be 
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noted, however, that if emulsion is present that is not broken down by the centrifugal 
action, the total volume of water will ^ill be unknown (see description of oil-water 
emulsions on page 493). 

It has been found possible to break down petroleum emulsions in the centrifuge 
test, by the addition of phenol (carbolic acid) to the gasoline-carbon-bisulphide mix- 
ture.* One gram of crystalline phenol is used for each 30 cc. of gasoline. Before 
centrifuging, the tubes, containing 50 cc. of the oil and 50 cc. of the diluent, are 
thoroughly shaken by hand, and then heated on a water bath at 60°C. for 10 minutes. 

A more accuiate method of determining the percentage of water in a 
sample of oil, and one which is effective in indicating the total water con- 
tent even when emulsified water is present, makes use of distillation 
apparatus and a specially designed graduated receiving tube (see Fig. 
270). Of the oil to be tested 50 cc. arc mixed with 50 cc. of benzine or 
petroleum naphtha, or some other solvent miscible with oil but immiscible 
with water. The solvent should have a boiling point range extending 
from a little below to a little above the boiling point of water. The mix- 
ture of oil and solvent is heated in the flask, and maintained at a temper- 
ature slightly above the boiling point of water until all water present has 
been vaporized and condensed in the receiving tube. Some of the solvent 
will also be vaporized and condensed, but will float as a distinct layer on 
top of the water in the receiving tube. The surplus solvent will flow 
back into the flask. The solvent serves to reduce the viscosity of the oil 
and reduces to some extent the boiling point of the water. A little porous 
tile placed in the flask with the sample prevents bumping during the 
distillation. The volume of water condensed in the receiving tube must 
be multiplied by 2 to determine the percentage of water present. The 
method docs not indicate the percentage of suspended solids. 
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CHAPTER XVI 


PRELIMINARY REFINING OF PETROLEUM : DEHYDRATING 
AND SEPARATION OF SAND AND GAS 

Crude petroleum, as produced at the well, commonly contains water, 
hydro(;arbon and other gases and various solid substances — mostly sand 
and clay — all of which must be removed before the product is ready 
for market. Oil wells differ greatly in this respect — some may produce 
clean oil or varying quantities of sand with the oil; they may produce 
oil free from water, or water may bo present in varying percentages, 
sometimes “free,” often emulsified; some wells may product', very little 
gas, while others will produce immense quantities. The extent to which 
removal of these impurities is necessary will depend upon the require- 
ments of refin(TS, transportation companies and other purchasers, and 
upon the customs of the locality in which the oil is produc(‘d. 

Many pipe line companies will not accept oil for transportation which 
contains more than 2 or 3 per cent of water and suspended solids (B. S. 
or “Ijottom settlings”). Generally the gas will bo removed with the aid 
of a suitable trap located near the well, siricx^ its presence causes difficulty 
in pumping the oil through the gathering mains. If much sand is 
present in the oil, this, too, will ordinarily be allowed to settle in a sump, 
tank or settling trough at or near the well, bc'fore the oil is taken into the 
gathering system. Water and the finer suspended solids need not be 
immediately removed, especially if present in moderate amounts, and 
may b(^ transported, along with the oil, to a centrally located dc'hydrating 
and settling plant. 

Separation of Sand. — Sand, which is often present in the oil produced 
from very porous loosely connected reservoir rocks, may become a source 
of great annoyance to the operator. The quantity of sand produced 
will vary within wide limits, b(ung scarcely measurable at times, fre- 
quently varying from 20 to 60 per cent of the gross production, while 
occasionally it will amount to as much as 90 per cent of the material 
pumped from the wells.* If no water is present, the sand flows freely 
with the oil, but if water is also j)resent the sand tends to pack, and may 
become exceedingly difficult 1o handle in the well and in devices provided 
for sand separation. As observed in a previous chapter, this sand is 
often so fiiK^ that it passes freely through th(' scr(‘(‘ris and accumulates 

* Ei.mott, a. P., Kocovorable oil in by-product sands and outcrops, U. S. Tiurciui 
of Mines, Rf‘j)orls of hircshyalionf^ no. 2182, Nov. 19, 20. 
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within the well to the detriment of production. The operator therefore 
prefers to remove it along with the oif^ even though such removal results 
in greater wear on the pump mechanism, higher power consumption 
and subsequent cleaning expense. 

If the volume of sand produced is small, it may be permitted to settle 
in one of a pair of re(;eiving tanks located at each well, primarily for 
preliminary storage and gaging of the oil. In the case of closely spaced 
wells of small productivity, a pair of 100-bbl. tanks mayrf^erve a group of 
near-by wells. When sand has accumulated to a certain depth in one^ 
tank, the flow may be diverted to the second, while the former is drained 
and the sand excavated by shoveling. Moderate amounts of sand may 
also be taken care of in certain types of gas traps and dehydrators. 

If the quantity of sand produced is such that its removal from tanks 
or other containers becomes expensive, it may ])e necessary to lead the 
fluid from the w(‘ll into an open earthen sump in which the sand settles 
and from which the oil is drained or ^^skimnled’^ off by the suction of a 
pump. Exc(\ssive seepage and evaporation losses may result from this 
procedure, and many producers prefer to erect a low-edged wooden 
trough, built to a very slight slope, through which the oil slowly flows, 
depositing its sand in the bottom of the trough. Disposition of the sand 
may be facilitated by riffles or baffles placed in the bottom. Occasional 
shoveling of the accumulated sand from the trough will suffice to keep it 
clear (see Fig. 227). 

Skcakation ok Oas from Petrolflim 

Every oil well produces a certain amount of gas, the quantity varying 
within wide limits for wells in different localities, and at different periods 
within the life of the well. 

Distinction is made between two types of gas produced by oil wells. 
There may bo a considerable volume of gas produced between the well 
tubing and the inner casing, which rises from the oil-producing horizon 
through the accumulated fluid in the well to the casing head, from which 
it is led through the side outlets to the gas-gathering mains. This is 
called “casing head gas.” In some cases this gas has its source in a 
porous formation penetrat('d by the w(4l at sonui distance above the oil 
sand; and the well may be so cased that the gas rises between the 
“strings’^ of casing, perhaps never coming into actual contact with the 
oil produced through the innermost well tubing. In addition to gas 
produced free of oil at the casing head, thcr6 will always be some gas 
produced through the tubing along with the oil. This gas, entrained, 
occluded or dissolved in the oil, may be conveniently termed “lead line 
gas.” If present in quantity and under pressure, it tends to free itself 
from the oil when the pressure is reduced, forming “gas locks” in the 
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gathering wystein, which cause difficulty in pumping the oil, or it may 
accumulate in dangerous quantities in the oil storage tanks. The producer 
will find it advisable to separate this gas from the oil as soon as possible 
after it leaves the well, by passing the oil and gas through a suitable gas 
trap. 

Types of Gas Traps. — All gas traps operate on the principle of passing 
the oil and gas through a receptacle large enough to reduce the velocity 
of flow, so thatothe gas has an opportunity to separate. A reduction of 
.pressure within the trap and the maintenance of a free space above the 
oil surface will operate to bring about the desired separation. Some 
traps spread the oil out into a thin film on inclined conical surfaces with 
the same object in view. Gas rises from the oil and is led off at the top 
of the trap free from oil. The oil is drained from a point near the bottom 
of the trap, a definite fluid level above the oil outlet being preserved by 
a suitable device to maintain the gas seal. 

Traps have been designed to meet a variety of conditions. The pres- 
sures employed may range from partial vacuum to 50 lb. per square inch 
or more. Some traps are suitable only for small volumes of gas, others 
are intended to handle unlimited amounts. Certain traps described 
in the following pages are also designed to assist in the removal of 
sand and water. 

Gas traps may be classified as to form and type into two general 
groups: vertical cylindrical traps, and horizontal tubular traps. We 
may also distinguish between traps which control the oil level by valves 
actuated by floats or other mechanical contrivances, and those which 
maintain a constant level through the use of a goosem^ck or inverted 
syphon. The latter method of control is characteristic of a group of 
low-pressure traps. 

Vertical Pipe Traps. — A simple type of pipe trap depending upon a gooseneck to 
preserve the gas seal is illustrated in Fig. 271. It can be made of materials readily 
available about any oil-producing property, and is effective if the (juantities of oil 
and gas to be handled arc small, and if sand is not present in quantity.^ 

A slightly different arrangement of the oil inlet and outlet connections, also illus- 
trated in Fig. 271, increases the utility of this type of trap. In this case, oil enters the 
vertical pipe a, ■which is 4 in. or more in diameter and 40 or 60 ft. long, at 6, a few feet 
above the bottom. This arrangement serves to reduce the velocity, and the surging 
of the oil in adjusting itself to the changed direction and velocity of flow liberates the 
gas, which rises to the upper part of the pipe, escaping through pipe c. Oil, as well as 
sand and water, if present, pass downward through pipe a and are drained off at the 
bottom, the flow being carefully regulated by valve d. The adjustment of valves d 
and e, and the pressure back of the incoming oil, will determine the height to which oil 
will rise in the trap, and this, in turn, governs the velocity of efflux. The pipe, a, 
is conveniently supported against one side of the derrick, in which case it is not quite 
vertical. This trap operates satisfactorily even on large high-pressure wells, as long 
as the production of oil and gas is fairly steady, but is difficult to regulate if the volume 
and pressure conditions are erratic. 
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The oil well high-pressure trap,* illustrated in Fig. 272, is of the vertical cylinder, 
mechanically controlled type.^ The vaW;^ regulating the oil level within the trap is in 
this case automatically controlled by the weight of oil in a small cylindrical tank, 
/, externally located and mounted at one side of the trap. This small tank is con- 
nected at top and bottom directly with the trap by means of a pair of pipes, c, bent to 
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Fig. — Trurnble trap. 


semi-circular form and extending halfway around the trap before making connection 
with it. The small tank is siij)ported in a vertical position by a suitable guide or 
bracket, g, attached to the side of the trap in such a way tliat the small tank is free to 
move up and down througli a distance sufficient to actuate the control valve, k, with 
which it is connected by lever h. Vertical movement of the small tank is facilitated 
by the “spring” in the semi-circular connecting pipes. Such portion of the weight of 
this auxiliary tank as is not supported liy the connecting pipes and valve mechanism 
is counterbalanced by a weight, i, which may be placed at. varying dist,ances from the 
fulcrum on which its supporting lever bears, thus permitting of close adjustment to 
keep the tank, /, in any desired position. 

The oil, when admit, ted to the trap through the top openings, b, accumulates in 
the bottom of the main tank, a, and as the fluid level rises, oil will flow through the 
lower connecting pip<*, c, and maintain the same fluid level in the small tank, /. When 
sufficient oil has ent(*red / to offset the weight of the counterpoisi*, t, the tank bears 

* Manufactured by the Oil Well Supply Co., Pittsburgh, Pa. 
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down on lever //, opening valve k wliirh eont-rols the flow of oil through the oil outlel, d. 
Flow of oil from the trap will result in a lo\^ing of the oil level in / until the counter- 
poise weight exceeds the weight of the oil. The tank / then rises to its original posi- 
tion, closing or partially closing the control valve, fc. This action is intermittent and 
is repeated as long as oil continues to enter the trap. If the flow of oil and gas is 
fairly constant, the mechanism controlling the valve may come into equilibrium, 
throttling the flow of oil from the trap so that it just keeps pace with the rate at which 
it enters. Gas leaves the trap through an opening, c, in the top. 



Fig. 274. — The Lorraine trap. Fro. 275. “Smith oil and gas separator. 


The only attention necessary with this trap is an occasional inspection of the 
valve stem adjustment. The valve control is indejiendent of jiressure variations, and 
works equally well under all pressures. This trap is well adapted to use with light oils, 
but is less efheient with heavy viscous oils which are unalile, to flow rapidly enough 
through the spring pipe to operate the valve promptly when there is any sudden change 
in the flow of oil and gas into tlie trap. 

Traps with External Valves Actuated by Internally Placed Floats.— -The Trumble 
trap,* tlie pioneer trap of this type, is illustrated in Fig. 273. The fluid level is 
controlled by means of a float, which in this case operates an externally placed valve 
through a series of connecting levers passing through a stuffing box in the side of the 
trap. Oil enters the trap at the top, and falls ov(^r a series of ironical baffles to the 
bottom of the trap. During the descent, gas is liberated from the oil and flows out 
through the pipe, 2. Excessive gas pressure within the trap is prevented by blowoff 
valve 1. Oil flows from the trap through pipe 11, and the oil level within the trap is 

* Manufactured by Trumble Gas Trap Co., Los Angeles, Cal. 
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disclosed by gage glass 4. Sand and water which tend to collect in the conical bottom, 
may be occasionally drained through outlet 7. 

Other well-known traps of this type are the Lorraine trap, * illustrated in Fig. 274, 
widely used in the fields of southern California, differing from the Truinble trap chiefly 



1 ' 


{After W R Ifamilto?i in U S B. Mines Tech Paper 209). 
Fi(i. 270. — The McLaughlin trap. 

in the type of valve used, and the Smith oil and gas separator t (see Fig. 275), 
w’hich differs from the Trumble and Lorraine types in that a separate compartment is 

* Manufactured by Lorraine Gas and Oil Separator Co., Los Angeles, Cal. 
t Manufactured by the Smith Separator Co., Tulsa, Okla. 
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provided for the float which actuates the valve. The Smith separator is popular ia the 
mid-continent fields. 

The McLaughlin trap consists of a cylindrical tank, having a conical top and bot- 
tom, which is suspended on the end of a horizontal beam, pivoted on a vertical post, as 
illustrated in Figs. 276 and 277. The weight of the trap is balanced by a counterpoise, 
e. The axis of the cylindrical tank is vertical, and the entire trap is free to move up or 
down as the weight of the fluid within it varies.' The inlet pipe, n, enters the bottom 
of the trap and is stationary. On the outside of this pipe, near the bottom of the trap, 
is attached the discharge valve, a, consisting merely of an annular ring ground to fit a 



Fio. 277 ~ 'riic McT/arglilin trap with sand separating box and receiving tanks. 


seat, by nu)iJiil/C(l on the lower end of the trap, through which the standpipe, w, passes. 
This valve effect ivtdy opens or closes the oil outlet around the veitical standpipe as 
the trap falls or rises. 

Oil and gas, containing, perliaps, wat(T and sand also, flow into the trap through 
pipe r/, and are deflected downward by the deflector mounted on its upper end. As 
long as the trap is empty, the counterweight, c, keeps the valve seat, 6, securely pressed 
against the valve, a. When fluid has ac(;uinulated to a sufficient depth to offset the 
excess weiglit of the counterpoise, the weight of the oil on the conical trap bottom will 
cause it to move downward, thus unseating the valve and permitting some of the oil 
to flow out around the standpipe into a suitably placed trough through which the oil 
and water flow to storage, and in which the sand is deposited. When the fluid level 
within the trap has subsided so that the counterpoise again overbalances the weight 
of the trap and its contents, the trap will rise and partially close the outlet. If the flow 
of incoming oil is fairly uniform, the contents of the trap and the counterpoise will come 
into equilibrium, maintaining the valve in such a position that the flow from the trap 
will just keep pace. Gas is led off through a flexible hose connection at the top, 
conical baffles being provided to separate any spray that may tend to accompany the 
gas. 

The McLaughlin trap is adapted, with slight modifications, to either high-pressure 
or low-pressure conditions, or it may be operated under partial vacuum if desired. If 
there is not too much sand in the oil, the outlet may lead to a pipe of suitable size 
connecting directly with the gathering system, instead of passing the oil through a sand 
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trough as illustrated in Fig. 276. In recent installations of the McLaughlin trap, 
supporting springs have replaced the r^umbersome beam and counterbalance. A 
suitable supporting framework must be provided in this case, and the springs must 
admit of close adjustment in order that they may be adaptable to variations in the 
working conditions imposed. As the oil outlet is at the bottom, the McLaughlin trap 
is admirably adapted to oils which carry sand or water in quantity. The impurities 
are discharged with the oil and the trap is not encumbered with them. Furthermore, 
the action of tlie trap is positive and responsive to sudden changes in quantity of oil, 
or in volume and pressure of gas. 



{After iV. R Hamiltnu in IJ. S B Mines Texh Paper 209) 
Fig. 278. — Scharponberg low-pressure trap. 


The Scharpenberg low-pressure'.trap is of the vertical cylinder type, in which the 
fluid level is regulated by a goosenec^k or inverted syphon.' The trap consists of three 
vertical steel cylinders, two of which telescope, one over another, while the third 
serves to provide a water seal for Ihe other two, after the design of the ordinary 
gas holder (see Fig. 27S). The floating tank is sealed at the top so that it is gas-tight. 
Oil enters through a standpipe, penetrating the bottom, and is deflected downward 
by a suitable deflector. The fluid level in the trap is determined by the gas pressure 
and by the height of a gooseneck on the oil outlet, h. The ujiper end of the gooseneck 
is open to the at inosidiere to prevent syjflioning. Gas, in rising from the oil surface to 
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the top of the trap, passes through 
a layer of excelsior, c, supported 
within wire screens, the function 
of which is to separate any oil spray 
which may accompany the gas; 
and is drawn off at the bottom 
through the vertical standpipe, d. 
The floating c-.ylinder, c, serves to 
maintain a constant gas pressure^ 
on both the well and the gas 
delivery line, rising and falling on 
the water seal as the gss volume 
varies. If the trap is draine<i of 
gas, the upper cylinder descends 
and rests on the standpipe, d, thus 
closing the gas outlet and prevent- 
ing the formation of vacuum which 
might draw air through the oil and 
water seals. If gas is produced in 
excess of the capacity of the gas 
main, the relief valve*, /, is opened 
as the tank reaches the upper limit 
of its travel, thus preventing excess 
gas pressure f rom destroying the oil 
and water seals. 

Home installations of Scharpen- 
berg traps have been equipped 
with cylinders about 10 ft. in 
diameter and 10 ft. high. They 
are adapted to pressures ranging 
from a few ounces to 1 lb. per 
square inch, gjige pressure. 

The Starke trap will serve as a 
single example of the horizontal 
tubular type of trap (s(*e Figs. 270 
and 2S0). It can be assembl(*d 
from pipe, casing and fittings 
ordinarily available iii the field 
and, though used chiefly ou high- 
pressure flowing wells, can be re- 
gulated to oi)erate satisfactorily 
under any desired pressure and 
volume of through-put. ^ It con- 
sists of two or three lengths of pipe, 
120 to 100 ft. in length, laid hori- 
zontally and carefully lcvel(*d. One 
of these pipes is of large size, com- 
inonlyr 23'2 or 1532 in- in diameter. 
This is the sej)arating chamber, 
never more than half filled with od. 




in which the fluid is brought to comparative rest and the gas permitted to separate. 


The gas accumulating in the upj)cr half of this pipe cscai)os through inverted 
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U-shaped risers into the gas-collecting pipe, which is of smaller diameter, about 
63^^ in. Oil enters at one end of th«fclarger pipe and is drawn off at the other, 
the valve controlling the flow of oil from the trap being carefully regulated to pass 
the same quantity of oil that is admitted. A gage glass, showing the level of oil in 
the cross-section of the pipe, aids in making this adjustment. Often a third line of 
intermediate sized pipe, about 10 in. in diameter, is connected with the 63^-in. line 
to serve as a gas reservoir or receiver, and to equalize the pressures within the trap 
and gas transmission main. While this trap is not intended for use with oils con- 



Fig. 280 , — Improved form of Starke trap with Lorraine trap. 


taining large percentages of sand, a short length of pipe, equipped with a valve, 
placed below the level of the main sei)arating pipe and connecting with it near the 
oil outlet, may act as a sand trap. Occasional opening of the valve flushes out the 
accumulated sand. 

Recent development in the apjdication of the Starke trap has simplified the 
early designs soniewhat. In a trap of small or moderate capacity, two pipes are 
adequate and the smaller gas-collecting pipe is placed directly above the oil-separat- 
ing i)ii)e instead of at one side. Straight risers of shorter length are substituted for 
the U-shaped risers. Instead of relying on screwed fittings for connecting the various 
parts, they may preferably be welded together with the aid of the oxyacetylene torch. 

Influence of Trap Pressure on Oil and Gas Production. — Gas traps 
may be of)eratcd at pressures varying from a partial vacuum to the 
maximum pressures available under working conditions. It is found that 
the pressure maintained on the trap, that is, the gas pressure within it, 
has a pronounced effect upon the amount and character of the oil and gas 
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produced, and upon the amount of sand and condition of the water 
present as impurities. 

Many operators believe that back-pressure maintained on a well by 
connecting it with a trap operating under high pressure will result in cur- 
tailed production of oil. This seems reasonable as it is the differential 
between the well pressure and the pressure within the producing oil 
stratum that causes flow of oil into the well. However, in fields char- 
acterized by highly porous, loosely cemented sands, wells*operated under 
considerable back-pressure do not produce as much sand as do wells 
operating under atmospheric pressure. Again, flowing wells which 
produce '^by-heads will often flow with greater regularit)^ when the 
product of the well is passed through a trap maintained under moderate 
pressure. The gas wasted in blowing’’ after each discharge of oil will 
then be put to more useful service in lifting a greater volume of oil. The 
absence of mechanical difficulties due to the decreased production of sand, 
and better utilization of the lifting power of the gas, will offset in many 
cases the loss in oil production which the increased pressure might be 
expected to bring about. The net result of these opposing factors may 
actually be an increase in production when the higher trap pressures are 
maintained. If a pumping well is not troubled with sand, it is undoubtedly 
to the advantage of the producer, as far as oil production is concerned, to 
operate under as low a pressure as possible. However, if the pressure of 
the gas separated at the trap is important, as in cases whore the gas must 
be transmitted over a considerable distance, it may be poor economy to 
sacrifice potential gas pressure to gain an increased volume of oil. Occa- 
sionally, if both the additional quantity of oil and the gas pressure are 
important items, it will be profitable to insert a gas pump between the 
trap and the gas transmission main, the pump serving the double function 
of applying suction or vacuum on the trap, and pressure within the gas 
transmission main. 

The pressure maintained within a trap also has a marked influence 
on the components of the gas produced. If the oil contains low-boiling 
constituents, vacuum or low-pressure conditions within the trap increase 
vaporization, making the gas richer in these low-boiling fractions, with 
consequent loss in volume and Baum6 gravity of the oil. High pressures 
within the trap have the opposite effect, tending to prevent the escape of 
these light components of the oil, and even bringing about condensation 
of certain vapors from the gas, thus adding to the volume and Baum6 
gravity of the oil. Increasing the pressure on a trap from slightly above 
atmospheric pressure to 50-lb. gage has been responsible for an increase 
in Baumd gravity of the oil produced, from 27° to 30°, with a definite 
increase of about 4 per cent in the volume of oil. In localities where oil 
is sold on a sliding scale based on the Baum6 gravity, such an increase is 
a decided gain to the producer; but in cases where the price is not condi- 
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tioiied by density, it may be to the advantage of the producer to operate 
with traps under reduced pressure, volatilizing as large an amount of these 
low-boiling constituents as possible, later recovering them as gasoline 
by treating the gas in a compression or absorption plant. The operator 
must weigh these opposing factors, determining in each case which 
method of operation will produce the greater revenue. 

Another advantage of high trap pressures is found in the case of wells 
which producer water in emulsified form. High-pressure production 
^ apparently results in the formation of less emulsion in such cases. Pro- 
ducers have found it advantageous in the case of high-pressure flowing 
wells, where reducing nipples have been used in the lead lines at the casing 
heads, to remove thevse and place them after the trap. Rc'rnoval of the 
gas before th(^ oil and water flow through tht' restrictcMl orifice will 
ordinarily result in the formation of less emulsion. 


SEPAltATION OF WaTKU FROM PeTHOLKUM: DEHYDRATING 

The dehydration of petroleum is a problcun that bec^nnes important 
sooner or later in the life of every oil-producing property. While water 
troubles’^ develop early in the life of many fields, almost from the time 
of the earliest development in some cases, the prol^lem of dehydrating 
in its broader aspects is characteristic of the later period of declining 
productivity; when the gas pressun' and oil supply are waning, when 
casings have had tinu^ to corrodes away or whem defe(*tive water shut-offs 
have had time to display th(*ir influence. Water present in the oil for 
these causes is, for the most part, extraneous water that has found its way 
into the oil-jiroducing stratum from water-saturated beds, usually 
above — though 0(tcasionally below— the oil-j^roducing horizon. Water 
incursion from those sources is generally remediable by making proper 
repairs to the well, or replacement of its equipment. 

Water in many cases, how(‘ver, is pre.sent in the oil-prodinang stratum 
through natural causes. In flat or low-dipping formations, oil of low 
Baurn^ gravity sometimes docs not possess enough gravity advantage 
to bring about a complete separation of the two fluids, and they will be 
found closely associated in the same porous stratum. In other cases, 
the upper portion of a thick porous bed, horizontally disposed or 
nearly so, may contain petroleum, while th(^ lower portion may be water- 
logged. There may be no impervious jiarting or plane of separation 
between the two fluids, so that w(flls drilled into the stratum will produce 
a mixture of water and oil. The encroachment of edge water is also 
responsible for much of the water pumped with the oil from wells. Water 
rises from the edges of the pool and replaces the oil as it is removed. 
Eventually all oil wells, if pumped long enough, will produce water only, 
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though for a time they may produce a mixture of the two fluids with a 
continually increasing percentage of water. In such cases, where water 
is a product of the same formation as the oil, there is no alternative, if 
the oil is to be produced, but to remove some of the water with it. 

The percentage of water in the gross fluid production of a group of 
wells will vary with the local conditions pertaining in each case. Often 
it is negligible, perhaps only 1 or 2 per cent, or even less; in some cases 
it has been found profitable to operate wells the production of which 
averages upwards of 90 per cent water. 

A simple test that may bo readily applied in the field to identify the 
presence of water in oil consists in allowing a few drops of the oil to flow 
down a clean glass surface, forming a thin film. If water is absent, or 
present only in small amount, the oil will appear as a clear, amber-colored 
film with sharp edges, while if the oil contains water, the film will not be 
uniform in appearance and the edges will not be sharply defined. 

Condition of Water in Petroleum. -Waten- may be present in associa- 
tion with oil either in the ‘‘free” state, or “emulsified.” The former 
term is relative and has no exact significance, being applicMl to the water 
which separates from the oil by mere gravity settling, assisted by moder- 
ate application of heat to reduce the viscosity of the oil. When emulsi- 
fied, the oil and water are so intimaUdy associated that th(i influence of 
gravity becomes negligible, even at temperature's considc'rably above 
normal; the mixture assumes colloidal properties and the water remains 
in permane'iit, or semi-permanent suspension. 

Th(' stability of oil watc'r emulsions is quite variable'. Water will 
settle to some extent frenn semi-permanent emulsions on prolonged stand- 
ing, while others erf more permanent type show no tendency to separate 
even though left undisturbeel for years. The more str-blc emulsions 
are often a source erf great trouble and expense to the piirduce'r in pre'par- 
ing his oil for market. 

Sermc investigators edaim, anel have offered experimental data indicat- 
ing that the amount of waten* prersemt in “true” emulsion is remarkably 
constant, anel averages^ aberut 66 per cent. Other investigators have 
stated that the pe'rcentage of water may vary from traces up to 75 per 
cent or more, and that the majority of emulsions contain about 25 per 
cent. Since emulsions arc miscible in clean oil in all proportions, it is 
probable that some confusion in terminology has arisen. 

Emulsions may have physical characteristie^s ejuite elissimilar from 
the oil of which the'y are partly composed. Their specific gravity is, of 
course, higher because of the water present. ^Th(' color is variable, com- 
monly dark reddish-brown, though any shade from yellowish-brown to 
greenish, gray or nearly black, may be found. l\n*haps the' most striking 
characteristic is the high viscosity. All gradations in consistency from 
that of a thick syrup to a seiiiii-solid are common. 
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Microscopic studies have shown that in permanently emulsified oil 
the water is present as minute .globules ranging in diameter from .004 
to .025 mm. Small bubbles of air or gas are usually also to be observed 
in the mixture. Each globule of water appears to be encased in a film of 
oil, the average distance between water globules in permanent emulsions 
being less than one-half their diameter. The size of the water globules 
apparently does not have as much significance in determining the charac- 
ter of the emulsion as the distance between globules. In temporarily 
emulsified oil-water mixtures the water globules are from 10 to 20 
diameters apart;."' At greater distances the water globules settle freely, 
even though of small size. It is thus evident that no sharp line of 
demarcation may be drawn between ^^free^^ water and '^emulsified'' 
water. 

Chemical analysis of the water present in petroleum emulsions dis- 
closes the fact that dissolved salts are almost universally present, occasion- 
ally to the extent of 10 per cent or more. Whether or not this is an 
essential condition to the formation of emulsions has not been determined, 
though it can be demonstrated experimentally that while pure water does 
not readily emulsify with petroleum, the addition of various salts to the 
water — particjularly chlorides and sulphides — will radically change its 
emulsifying propcu’ties. It seems probable that the addition of such 
substances results in a reduction of the surface tension of the water, so 
that the two fluids tend to mix more readily. The water is often alkaline, 
though in some instance's it is weakly acid. 

In speculating on tlui reasons for the formation of petroleum emul- 
sions pumped from wells, some investigators have claimed that either 
air, gas, water vapor or voids^ (or “a break in the continuity of the fluid") 
arc essential to the formation of emulsions; or at any rate, that the forma- 
tion of emulsions is much facilitated by their presence. This contention 
is substantiated by experimental proof, and it is suggested that the 
formation of emulsions may be largely prevented by proper attention 
to the mechanical details of pumping and screening. C'onditions which 
would result in air or gas being drawn into the well tubing with the oil 
should be avoided as far as possible. The fluid level maintained in the 
well should be above the perforated tubing and the fluid should not be 
pumped from the well faster than it flows from the sand. If gas is 
unavoidably present with the oil, and water is also present, it should not 
be passed through restricted oj)enings, such as reducing nipples, air-lift 
nozzles, or throttled by partially closed valves on the gas traps or lead 
lines. 

The water drops present in petroleum emulsion are usually negatively 
charged, some authorities® believing that the absorbed ionic charge on 
the dispersed fluid is in part responsible for the formation of emulsions, 
through reduction of surface tension. Whether or not this is true is 
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difficult to prove, but there is no doubt but that the electric charge 
contributes to the stability of emulsions. 

Recent investigations have shown that a stable emulsion between two 
immiscible fluids is possible only in the presence of a third substance, 
commonly called the emulsifying ‘'agent,’' which collects on the fluid 
surfaces between the two liquids, forming a coherent film strong enough 
to resist the interfacial tension tending to cause coalescence.^ An emulsi- 
fying agent may be either a finely divided, colloidal solid, or it may be a 
substance soluble in one or the other of the two liquids, but not in both. 
The soluble substances alter the relative surface tensions of the two* 
liquids, which operates to promote emulsification. 

Emulsions may consist either of minute globules of water in oil, or of 
small particles of oil in water. If the emulsifying agent is soluble in 
water or is more readily wet by water, the aqueous phase will be external ; 
but if soluble in oil or more readily wet by oil, the oil phase will be 
external. As water is always present in the dispersed phase in oil field 
emulsions, it is probable that the emulsifying agent is an oil-soluble 
substance; and the evidence produced by several investigators points to 
certain asphalt-like bodies, dissolved in the oil, as chiefly responsible 
for most petroleum emulsions. Sherrick® states that it is possible to 
prepare an emulsion of salt solution with pure paraffin oil by the addition 
of only 0.5 per cent of asphalt. Dodd® has found that the amount of 
asphalt in solution largely determines the readiness with which the oil 
emulsifies. 

Solid, earthy or crystalline impurities are often present in oil field 
emulsions, and may assist in emulsifictation, though they are not an 
essential constituent as some investigators have assuiiK^d. It should be 
noted, however, that large percentages of suspended soli* is tend toward 
permanence of emulsification. Emulsions have been formed by agitating 
gasoline in a mixture of water and finely divided clay, in which water 
constituted the external phase, while an oil-wet clay will form an emul- 
sion in which oil is the external phase. 

Various methods have been proposed for dehydrating these oil- water 
mixtures, some of which have been put to pracitical use on a large scale. 
It is apparent that, in order to dehydrate emulsion, it is necessary to 
break or destroy the oil films which enclose and separate the small water 
globules, so that they may coalesce and form larger globules on which 
gravity may have a greater influence in bringing about settling. The 
force which opposes this agglomeration of water particles can be resolved 
into terms of differential surface tension, though it has b(Mm suggested 
by Sherrick® that as the water drops are electrically charged, their 
reluctance to coalesce may be the result of repulsion of like charges. 

* Johnson H. A., An investigation of petroleum emulsions, Thesis performed 
under the direction of the author, University of California, 1923. 
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Dehydrating Methods 

Of the various dehydrating methods that have been proposed and 
applied on a working scale, the most widely used up to the present time 
are those which depend upon the action of heat, applied either directly 
to the oil over a furnace, or indirectly through the use of steam, hot water 
or hot compressed air or gas. Such methods are successful except in 
the case of exceptionally stable emulsions. Electrical methods which 
subject the oil-water mixture to either high-potential alternating current 
or a direct current of moderate intensity are comparatively new, but 
have already attained wide poj>ularity and give promise of becoming the 
universal dehydrating method of the future. They are successful with 
the most refractory emulsions. Other methods that have been sug- 
gested and applied to some extent on a limited scale include filtra- 
tion methods, ccmtrifugal methods, processes making use of chemical 
reagents and a very recemt method based on the effect of differential 
capillarity. 

Methods Depending upon the Action of Heat. — If wat(*r is present in the “free” 
condition or only partially emulsified, separation can usually he n\adily effected by 
heating to from 80 to At such temperatures the viscosity of the oil is much 

reduced and the water settles under the influence* of gravity. 

Hot Water Treatment. — The usual method of apjilymg the heat when moderate 
heating is effective consists in heating a n‘lativ(*ly large volume of water in a tank 
by means of a steam coil jdaced in the bottom. The oil and wat(U’ mixture is dis- 
charged from a pijie coil or “spider” giving uniform distribution at points near the 
bottom, slightly above the steam coil, and floats in small globules to the water surface. 
During the time that the oil is rising in tlie tr(*atiiient tank, it is heated by the sur- 
rounding water, causing a reduction in it.s viscosity. The water globules dctacli them- 
selves from the oil, aided by the greater relative ('xpansion of 1,he oil under the influence 
of heat, and remain behind as an addition to the watiT layer in the tank. The oil, 
cleaned of its water content, accumulates in a layer floaling upon the hot water 
surface. Suitably filaced drains with valve control accomplish Gu* removal of the 
oil and wat(*r, together with any gas which may be formed, so that the hydrostatic 
head, position of the water surface and temperature conditions are maintained fairly 
constant. It is important in tin* design of such a tank that tlie steam coil does not 
come into direct contact with the oil, otherwise it will gradually become coated with a 
deposit of solid hydrocarbon, thus reducing its efficiency as a heating device. The 
water layer in the tank tends to accuinulati* salt from the brine which accompanies 
the oil. Scirne operators report improved results through keeping the water in the 
tank fairly fresh, adding water from an outside source from time t-o time to displace 
the accumulated brine. 

In one installation operating on the hot w^ater met hod of indirect heat applica- 
tion, the treatment tank is of cylindrical form, 8 ft. in diameter and 20 ft. high. The 
oil is admitted to tlie tank through Is-in. holes bored in a ser es of distributing pipes, 
so arranged as to give a fairly uniform distribution of oil across the entire cross- 
section. The steam coil is made up of about 500 ft. of 2-in. pipi^ and is submerged 
in 10 ft. of water maintained at a temperature of 150 to 200^1'. The capacity of 
such a dehydrating unit will be variable, depending upon the characteristics of the 
oil under treatment and the condition of the water in it, but should be at least 500 
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bbl. per day, even under unfavorable circumstances. The method is continuous, 
and once the valve controls have been projlerly adjusted, the equipment requires 
little attention. 

Dehydrating with Hot Compressed Air.* — Another method of indirect heating, 
which admits of attaining a somewhat higher temperature than is possible with hot 
water treatment, is that patented by Milliff and used by the Associated Pipe Line 
Company at its Port Costa, Cal., terminal in dehydrating emulsion formed in operat- 
ing the rifled pipe line. Heated compressed air is the heating agent in this process. 
The treatment tank is cylindrical in form, 8 ft. in diameter and 20 ft. high, and is 
equipped with 3-in. piping perforated at intervals with J^fe-in. holes through which 
the heated air enters. This piping is distributed over the bottom of the tank to give , 
suitable distribution of the air to the oil, which nearly fills the tank. The air must 
be under sufficient pressure to offset the head of oil maintained in the tank, and is 
heated before injection into the oil to a temperature of about 1,000°F. by a system 
of piping over an oil-fired furnace. 

The oil is, in this process, heated to a temperature sufficient to vaporize some of 
the water present in the oil. The generation of steam bursts the water globules, 
freeing from the enclosing films such portion of the water as is not vaporized, so that 
even the more stable emulsions are broken down. The steam and compressed air, 
together with a (certain amount of vai)orized oil which is inevitably formed at the 
temperatures jirevailing, escape at the top of the tank. Water accumulates in the 
bottom of the treatment tank and is occjisionally drained off. Dehydrated oil is 
removed by a pipe so placed as to skim the surface fluid. 

Large volumes of emulsion have been successfully treated by this process, the 
resulting product containing less than 1 per cent of water. The 0 })erating cost, 
however, is high in cornj)arison witfi other methods, and the losses in vaporized oil 
may be considerable, particularly with light oils, unless some method of condensing 
the oil vapors is also employed. 

Other Evaporation Methods. — (certain dehydrating methods designed for handling 
even the most refractory emulsions make use of the evaporative principle, actually 
vaporizing all of the wati^r present by heating to a temperature well above the boil- 
ing point of water. This is accomiflished by direct heating of the oil over a suitable 
furnace. The temperature necessary to bring about vaporization of the water 
results also in evaporation of the lower boiling constituents of the oil. Conse- 
quently, unless these lighter and more valuable fractions arc to be sacrificed, the 
w^ater and hydrocarbon vapors must be passed through a condenser and recovered. 
Such a process is seen to be actually a topping” process, and its technology would, 
in a strict sense, fall within the province of the refinery engineer rather than that 
of the petroleum production engineer. However, inasmuch as such treatment is 
sometimes applied primarily for the purj)ose of dehydrating, and since the plant 
by which it is accomplished must ordinarily be located in the oil field and operated 
by the producer, it seems appropriate at this point to describe briefly one such 
process. 

The dehydrating plant of the Nevada Petroleum Company, located in the Coalinga 
field, California, was designed by S. J. Hardison and is described by him in a paper 
read before the American Institute of Mining Engineers.® The petroleum produced 
on the Nevada Petroleum (Company’s property consists of a mixture of oil with ^‘free” 
water and emulsion, and after considerable cx|3eri mentation with various methods of 
heating, a method involving heating to from 230 to 250°E. was adopted. 

The heat is aiiplicd by pumjiing the oil through 54 joints (1,080 ft.) of 3-in. pipe, 
connected by return bends and mounted in a brick fimiace of special design, heated 
by fuel oil (sec Fig. 281). The injie is placed in a large chamber at the base of the 
stack, but is not subjected to direct contact with flame. Heated oil, aftcT passing 
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through the furnace, enters a vertical 
cylindrical receiver, the function of 
which is to separate oil and water 
vapors from the heated oil. These 
vapors escape at the top of the re- 
ceiver, are passed through a condenser 
and the hydrocarbon condensate is 
separated from the condensed water. 
Heated oil, still containing much 
of its original water, but now entirely 
in the “free” condition, is discharged 
from the bottom of the separator into 
storage tanks where the water settles 
out under the influence of gravity, and 
is periodically drained off. 

The oil before treatment has a 
Baum6 gravity of 14.8° and contains 
11.6 per cent of water and suspended 
solids. After treatment, its gravity is 
increased to 15.5°B6. and it contains 
only 1 per cent of impurity. The con- 
densed “tops” have a Bauin<? gravity 
of 37,2° and are put back into the 
crude after the water has been sepa- 
rated. 

Operating costs for this plant 
aggregated only about 1.7 cts. per 
barrel, but the figures were assembled 
at a time when oil prices were very low 
(about 40 cts. per barrel), and the 
stated cost does not include any 
capital charges or overhead expense. 
The plant luis been recently supplant- 
ed by electrical dehydrators, chiefly 
on account of increascid oil prices. 

High Cost of Heat-treatment 
Dehydrating Methods. — H e a t i n g 
methods, while simple in operation 
and in the equipment required, and 
while highly efficient except in the case 
of the more stable emulsions, are 
uneconomical from the standpoint of 
fuel consumption and evaporation 
losses. Tliis is particularly true in 
localities where, and at such times as, 
oil prices are high. Though it may be 
argued in many cases that heat used 
for this purpose is exhaust steam 
from some steam plant used primarily 
for another purpose, it is generally 


true that tlie plant concerned has to o])craie less efficiently than it otherwise might. 


because of the steam furnished. In some cases where high temperatures are required. 
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oil or gas must be burned to furnish the necessary heat, occasionally to the extent of 
25 bbl. of fuel oil per 1,000 bbl. of oil treated* Furthermore, the plant used in heat 
treatment of oils is always short-lived and maintenance costs are usually high. Salts 
present in the water separated from the oil are parti tailarly detrimental to the metal 


Untreated 


First stage 


Second stage 


Third stage 


Fourth stage 


Completed 



{('uuiif’ify of Petroleum Rectifyinu Co. of Caltf ) 

Fia. 282. — Photo-micrographs of oil-water emulsion under the influence of high voltage 

alternating current. 


The illustration consists of six strips of motion picture film, taken at the rate of four per second and 
magnified fifty times. Each strip contains four individual photographs. 


heating surfaces and tank walls, with which it must come into contact. Where flame 
is employed directly on heating surfaces, these salts, together with solid hydrocarbon 
residues, are deposited as a thick adherent scale, often resulting in serious overheat- 
ing and rupture of the metal surfaces. Costs with these methods have in recent 
years seldom been less than 5 cts. per barrel, even with cheap fuel, and costs as high 
as 15 or even 20 cts. per barrel are not uncommon. Still more serious are the evapor- 
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alion loBseu, whi(;h t)fien oxcood 5 per The value of the oil so lost should 

also be chargeable against the method employed. It is largely because of the fact 
that it can be operated more economically, particularly when dealing with emulsions^ 
that the electrical dehydrating method luis been so generally adopted in recent years. 

Electrical Dehydration of Petroleum. — When an oil-water emulsion is subjected to 
a high-potential alternating electric (Mirrcnt, it is found that the small water globules, 
under the influence of tlie electrostatic forces generated, tend to coalesce, forming 
larger masses which may be* readily removed by gravity settling. Microscopic studies 
of emulsions under the influence of the alternating current show that the water globules 
tend to form cliains along the electrostatic lines of force connecting the charged 
electrodes (see Fig. 282). Apjiarently when such a chain forms, the greater conductiv- 
ity of the salt water — in comparison with the non-condu(d-ing oil films sc^parating the 
water globules — causes the latter 1o be punctured by an electrical discharge. The 
entire chain of water globules then forms one comparatively large drop, which readily 
settles under the influence of gravity. Fddy suggests^ that the water drojjs may serve 
as a multitude of series condensers rather than as conducting paths, the minute water 
particles being the electrodes or poles of the condensers, while the separating oils act 
as the dielectric which is ruptured by the high voltage. 

The original patents governing the use of this process in the United States were 
granted to Cottrell, Speed and Wright in 1911 (U. S. Patents 9S7, 114-5-6-7) and 
the process is generally known as the (’ottrell process. Patent rights have been 
assigned to the Petrolcun» Rectifying C/ompany of California,* which company, after 
much litigation, has only recently establisheil the validity of its churn to exclusive 
control of the high-potential alternating current method. The company is prepared 
to install electrical dehydrating equipment at cost plus 10 per cemt, to be subsequently 
operated on a royalty basis of a flat charge varying from ^ 2 ^ barrel of dry 

oil depending upon the scale of operations. 

Practical development of the original C.'ottrell apparatus has resulted in inany 
modifications of design, particularly in the form of ( he electrode's and the method 
of control. The latest design, and one which is regarded as fairly well standardized, 
is illustrated in Figs. 288 and 284. The unit consists of a double-walled, vertical, 
cylindrical treatment tank, 8 ft. in diameter and 8 ft. high, which supports a 
metal spider, B, and is provided with an inverted conical top covered with two semi- 
circular hinged lids, normally left open for inspection of the oil level in the tank. 
The spider provides a thrust bearing for a vcrtiiail shaft, C, which may be caused to 
revolve by a beveled gear attached to its upper end, the gear meshing with a pinion 
on a horizontal line shaft, T), driven by an electric motor, E. Attached to the vertical 
shaft, U, below the bearing and spaced at equal intervals apart, are from 8 to 5 hori- 
zontal discs made of heavy sheet steel and of a diameter such as will leave a suitable 
current-gap between the edges of the discs and the inner walls of the tank. The tank 
is maintained almost full of oil, which circulates through it at a uniform rate, entering 
through pipe F near the top, and leaving by pipe f/, at the botl.om. 

The revolving shaft, to which the discs are attached, is made one electrode and the 
grounded shell of the tank the other of an electric circuit which carries a voltage of 
from 5,000, to 18,000 (usually about 11,000) which is sufficient to establish a strong 
electrostatic field between the edges of the tliscs and the walls of the tank, and to per- 
ipit a discharge across the gap when the chains of water globules are formed. 

The revolving discs serve to keep the fluid in the tank agitated, thus assisting in 
bringing all water particles under the influence of the current. Rotation of the central 
electrode also accomplishes a continual interruption in the electrostatic field, prevent- 
ing short circuiting of the electrodes through layers of water which might form if both 

* San Francisco and Los Angeles, Cal. 
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{Manufactured by Prtmhnini Tirctt/ynn/ Co , San Friincittro and Los AnyplfH, Cal ) 
Fig. 2S3. -IVtrolcum roctifyiiiR oonipaiiy’s cloctrical tlt*h yd rating apparatus. 
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electrodes were stationary. As the oil flows down through the treater, it must pass 
successively tlirough each annular space between the edges of the discs and the 
cylindrical inner walls of the tank. The number of discs and the current-gap are 
variable factors which are determined experimentally for different types of emulsion. 
The discs are usually either 3 or 5 in number, of No. 12-gage sheet steel, and the 
current-gap varies between 2 and 6 in. Recent experiments with saw-toothed edges 
cut on the discs have shown no particular superiority over smooth-edged discs. 



{( 'imrttsy of Petroleum RccUfymg Co of Cahfornia). 
l^KJ. 2S4 - l^attory of four ideftiiral dehydrators. 


The oil in the treater is heated to a. temperature of from 125 to 180°F. (average 
about 135° witli California heavy crude) by a steam coil ])laced in the bottom of the 
treater below the revolving electrodes. The i)urposc of this is merely to reduce the 
viscosity of the oil so that the necessary rearrangement of the water globules may more 
readily take place. Occasionally the oil must be heated before entering the treater. 
The necessity for heating the oil has been one of the chief sources of difficulty in the 
operation of this process — the oil being heated in many cases above its flashpoint, is 
o(icasionally ignited by arcing across the electrodes at the oil surface. Until recently 
most treaters have been cfpiipped with covers which could be closed in case of fire and 
with a steam coil located just over the oil surface, from which live steam might be 
injected into the space under the cover in case of necessity. The melting of fusible 
plugs and connections automatically closes the covers and liberates the steam when 
a fire occurs. The recent development of an improved form of airtight, closed treater 
pTomiscs to remove the necessity for these devices. 

Oil and water leaving the treater, flow to a settling tarik of ordinary cylindrical 
form, in which the water settles, under the influence of gravity. It is usually necessary 
also to equip the settling tank with steam coils so that the viscosity of the oil may be 
kept low w^hile the settling process is in progress. Water is occasionally drained from 
the bottom of the settling tank by a suitably placed bleeder, while oil is skimmed from 
the fluid surface with a swing pipe. 

Units of the type described above are arranged in groups of 2, 4, 6 or 8. One 
California plant, believed to be the largest installation yet made, contains 9 six-unit 
groups, or 54 treaters in all. One motor will be sufficient to rotate the electrodes of 
as many as 8 treaters and one 300-bbl. settling tank will be sufficient to receive the 
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flow from them. The piping, valve and power control is much simplified by this 
group arrangement. The capacity of a singlc^treater of the proportions given above 
will vary from 300 to 1,600 bbl. per day, depending upon the character of the oil and 
the condition and amount of water present. The percentage of water permissible in 
the treated oil will also determine the capacity to some extent, the effectiveness of the 
current being largely dependent upon the rate of flow past the electrodes. While 
2 or 3 per cent of water is usually permissible in commercial petroleum, electric dehy- 
dration will often leave less than 1 per cent of water in the oil, occasionally only 
. 1 per cent. The power consumption ranges between 5 and 75 watt-hr. per barrel of 
cleaned oil. A 2-hp. motor is sufficient to revolve the electrodes of a six-treater 
unit. The process has operated successfully on oils ranging from 11 to 36°B6, con- 
taining from 6 to 85 per cent of emulsion. With electric current costing cts. 
per kilowatt-hour, costs for this process range between 1.5 and 3.5 cts. per barrel, 
including the above-mentioned royalty, repairs, power, steam, labor and all fixed 
charges. The initial cost per treater, with auxiliary equipment, varies from $1,300 to 
$3,000, depending upon the number of treaters in the ])lant. Maintenance averages 
about $15 per treater per year. 

The electrical method of dehydrating is widely used in the California and Gulf 
(^oast fields, and is particularly popular in the California fields, where it is said 95 per 
cent of the emulsion produced is treated by it.^ Due to the difficulty of securing 
electric current, it has not come into common use in other American fields. 

Dehydrating by Chemical Treatment. — Petroleum emulsions resjiond to treatment 
with various chemical reagents, which operate cither to dissolve tlic films enclosing the 
water globules by direct solvent action, or by neutralizing tlie negatively charged 
water globules, througli the introduction of some readily adsorbed cation. Thus, 
ether and mixtures of ether and carbon disulphide, if agitated with emulsion, will 
liberate the oil due to their solvent action on the asphalt which composes the oil 
films about the water globules. Experimental data liave sliown that either hydro- 
cliloric acid, ferric chloride or ferric nitrate are effective as electro)} (es in neutralizing 
the negatively charged globules and pre(ai)itating the water. 

A patent issued to F. M. Itogers in 1919 (U. 8. Patent 1,299,385) covers the use of 
water-soluble alkjiline salts of sulfonic acid, obtained by sulfonating either a coal tar 
or petroleum. Such compounds form a colloidal solution in water wliich resembles a 
crude soap. They do not, however, form colloidal solutions in oils. The addition of 
J4 to 4 lb. of sodium salt of a sulfonated mineral oil per barrel of emulsion, and heating 
to 150°r. for a brief period of time, will result in the desired separation of the water. 

Watcr-soluldc colloids addiid to tlie emulsion will in some cases neutralize the 
effect of the emulsifying agent dissolved in tlie oil. (>onsideral>le success has been 
had with “Tretolite,”* a chemical comjiound of this typ(‘, in the mid-continental 
fields. Tretolite was first marketed as a crude solid soap, and contained about 83 per 
cent of sodium olcate, with small amounts of sodium resinate, sodium silicate, phenol, 
paraffin and water.- One per cent of this comiiound added to the emulsion in a water 
solution, agitated, and maintained at a temperature of 150°F. for from 12 to 72 hr., 
will usually be successful in reducing the w ater content to less tlian 1 per cent. Liquid 
Tretolite, a later development, contains about 25 per cent of sulfonated oleic acid, 
the excess acid being neutralized with caustic soda. In tlie field tliis liquid, diluted to 
a 1 per cent solution, is mixed wdth the oil by pumping both fluids through piping into 
a wooden tank containing hot w^atcr, in which the separfltion of tlie clean oil is accom- 
plished. The quantity of chemical used, the temperature and time of treatment must 
be varied in accordance with the character of the emulsion. 


Manufactured by W. S. Barnickel & Co., St. Louis, Mo. 
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The great difficulty encountered in the use of a water-soluble substance is that of 
passing it through the oil Elm which ^closes the water globules. Agitation accom- 
plishes this in part, but imperfectly. Dodd^ has suggested the pse of a mutually 
soluble reagent, and has found phenol (carbolic acid) effective. A large quantity 
of the reagent is necessary when used alone, but when mixed with some strong positive 
ion, such as sulphuric, hydrochloric or acetic acid, the quantity of phenol may be 
greatly reduced. As little as 0.5 per cent of phenol with 0.15 per cent of sulphuric acid 
was found to be effective in demulsifying California emulsions. Dodd advances the 
theory that the sulphuric acid is the active agent in neutralizing the ionic charge on the 
water globules, tiie phenol, soluble in both the water and the oil, being of use chiefly 
in passing the acid through the oil film. 

Dehydrating by Centrifugal Devices. — The differential effect of centrifugal force 
operating on the components of oil-water mixtures has long been utilized in a small 
way in making laboratory determinations of the percentage of water in petroleum, but 
it is only within the last few years that the method has been adapted to the dehydrat- 
ing of petroleum emulsions on a large scale. 

A centrifuge capable of bringing about complete separation of the two fluids in 
emulsified form must have a high speed of rotation. The machines so far developed 
for large-scale continuous operation consist of a metal bowl mounted on the upper end 
of a vertical spindle, driven by a direct-connected electric motor or steam turbine. 
Belt-driven machines may also be secured if desired. The oil-water mixture, usually 
preheated to reduce viscosity, is fed into the bowl at its center through a pipe which 
discharges into the bowl near the bottom. The selcc.tive action of centrifugal force 
then causes the heavier of the two fluids — water — to move outw^ar(i as it moves upward 
toward the outlets in the cover of the bowl. A clear-cut line of sejiaration is developed 
between the two fluids, the position of which depends upon the percentages of water 
and of oil present. Clean oil overflows through an outlet in the top of the bowl near 
the center, while water escapes through a second outlet near the outer circairnferencie 
of the bowl. Sand and other suspended impurities tend to follow the water, though 
the coarser solids generally remain in the bowd and must occasionally be removed by 
hand methods after stopping rotation and removing the cover. 

Two types of centrifuges have entered the field of dehydrating crude petroleum 
emulsions and have achieved sufficient suc(?ess to warrant brief description. 

The Sharpies supercentrifugal process* utilizes a machine of simple bowl type as 
described above (see Fig. 285) driven by a direct-connected steam turbine at a speed of 
17,000 revolutions per minute, developing a separating force 16,900 times the force of 
gravity, d'he oil to be treated is given preliminary heat treatment by means of steam 
coils placed in a 250-bbl. tank partially filled with w^ater through wdiich the emulsion 
rises. Heated emulsion is led to the centrifuge from an overflow pijje near the top 
of the tank. Temperatures maintained range from 1 10 to 180° F. if complete separa- 
tion of the emulsion is required. The manufacturers state that greater cflSciency is 
secured with very refractory emulsions through the addition of "suitable chemicals” 
to the emulsion in the heat-treatment tanks. The cent.rif uge discharges two products : 
clean oil, which is ready for shipment, and w'ater which may at times contain small 
percentages of B. S. or unseparated emulsion. The Shariiles centrifuge of the size 
manufactured for this class of service (No. 6) has a capacity ranging from 100 to 200 
bbl. of clean oil per 24 hr., depending upon the character of the emulsion. The cost of 
a single centrifuge is $2,000, and' it is estimated (1921) that a five-unit plant can be 
installed for about $18,000, including three additional rotors, m^cessary steam boilers, 
pumps, tank and other accessories. The operating cost for a five-unit plant is esti- 
mated at $62 per day. 

* Sharpies Specialty Co., New York City. 
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(Courtesy Sharpies Specialty Co , New York). 
Fig. 285. — Battery of Sharpies centrifuges. 



(DeLaval Separator Co , Nevi York). {DeLaval Separator Co . New York) 

Fia 286 —Sectional view of DeLaval oil Fio. 287.— Sectional view of bowl of Do- 
‘ ■ purifier. purifier. 
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By November, 1921, fifty-seven centrifuge plants having a daily capacity of 
23,000 bbl. of emulsion had been instated — chiefly in the mid-continental fields. 

The DeLaval oil purifier,* illustrated in Figs. 286 and 287, is unique in the 
construction of the centrifuge bowl, which is equipped with a series of thin sheet 
metal cones, mounted one over another on the central spindle in such a way that nar- 
row spaces are preserved between them. The oil to be treated is fed into a pipe 
penetrating the center of the cover of the bowl and passes down to the bottom, 
whence it flows out and up through a series of circular holes which penetrate the 
cones, and is distributed in thin layers between them. Here, due to centrifugal 
action, separation of water and solid impurities from the oil takes place. Water and 
I solids, being heavier than oil, flow along the lower surface of each cone toward the 
periphery of the bowl, where they are led into the water discharge channel. The 
oil, cleaned of its impurities, is forced toward the center of the bowl, flowing along 
the Upper surfaces of the cones to an annular channel surrounding the central feed 
pipe, through which it overflows into the oil discharge pipe. 

For a given speed of rotation and gravity difference between the oil and water, 
the bowl soon develops a fairly well-defined line of separation between the two fluids 
which automatically adjusts itself to varying proportions of oil and impurities. If 
clean oil enters the bowl, there will be no discharge through the “sludge” outlet, while 
if water only is passed through the bowl, nothing will flow from the oil outlet. The 
bowl is designed for maximum sludging capacity and has a relatively large dirt-hold- 
ing capacity (168 cu. in. in the No. 600 machine). 

The practical advantage of this patented bowl construction, aside from any 
advantage that may exist through securing a more complete separation of the water 
and oil, lies in the fact that the desired result is ac<‘omplished with a much smaller 
speed of rotation. The No. 600 machine, wdiich can be purchased either with a direct 
steam turbine or electric motor drive, has a rated capacity of from 10 to 15 bbl. of 
crude per hour, and is operated at a speed of 6,000 revolutions per minute. The 
cost of this machine is !S1,500 per unit (1921). Using electric power costing cts. 
per kilowatt-hour, the manufacturers claim that a small installation of DeLaval 
purifiers may be operated at a cost of about 4 cts. per barrel, including all charges, 
for crudes of moderate B. S. content. 

Other dehydrating processes which have been proposed but not used to any great 
extent on a working scale may be mentioned in passing, though they are unimportant 
from a practical point of view at the present time. 

Filters of various types have been projiosed for removing water from oil, but 
filtration methods have as yet only been practically applied to the separation of 
water from refined lubricating oils. The filtering medium is first wetted with oil, 
after which oil may pass through but water is left on the filter, which, however, soon 
becomes clogged. The filtering process has been improved somewhat by combining 
electrical treatment with it (see U. S. Patent 987,114, issued to Cottrell in 1911). 

Still other methods have for their object a reduction in the surface tension of the 
water associated wdth oil by introducing sharp angular solids such as sand, while 
others based upon the same ixlea attempt to separate the water by passing the 
emulsion through glass wool, cx'cclsior, kieselguhr or other porous filtering media. 
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CHAPTER XVII 


STORAGE OF PETROLEUM 

Necessity idr Large Storage Facilities for Crude Petroleum. — The 

' market for crude petroleum is subject to great fluctuations due to varia- 
tions in supply and demand. Seasonal demands on the gasoline and fuel 
oil markets are particularly noticeable in their effect, and increase or 
decrease in activity over a wide range of industries will have its influence 
in creating a distinct change in the demand for oil and oil products. The 
production of petroleum is subject to even greater fluctuation. The 
advent of a newly discovered field, rapidly developed by a host of small 
producers, each competing with the others to secure a maximum of the 
available oil, may result in a sudden oversupply, out of all proportion to 
the market demand; and the situation may persist in spite of adverse 
market conditions. While decline in production of oil fields usually 
proceeds at a more deliberate pace, its effect may be none the less notice- 
able, and a market developed to absorb a certain output in an isolated 
region where other fuels are not readily available may suddenly find 
its supply of oil greatly reduced as the field reaches full developent and 
starts on its decline. 

The obvious remedy for such a condition is adequate storage facilities 
which will admit of oil being held in storage during periods of oversupply, 
building up a reserve which may be called upon to equalize the burden 
at times when demand exceeds supply. Oil in storage thus serves as a 
buffer between the producer and the consumer, and has a marked influ- 
ence in checking price fluctuations. 

FACTORS OF IMPORTANCE IN SELECTION OF SITE AND TYPE OF 

STORAGE 

It is usually economical to build the storage plant in large units, 
grouped together in such a way and in such places as will give adequate 
protection against fire, ready accessibility to both the field, the market 
and the transportation facilities, at a minimum construction cost and a 
minimum cost of land. Groups of tanks or reservoirs, which are the 
storage units available, are called “storage farms” or “tank farms” (see 
Fig. 288). 

In determining the location of a storage farm, such matters as 
accessibility — both for construction materials and oil transportation — 
topography, character of soil and cost of land will be matters of prime 

fiOS 
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importance. Selection of a type of storage will involve consideration of 
relative cost and salvage value and degree of protection afforded against 
seepage, evaporation and fire losses. 

Accessibility. — In the construction of steel tanks or concrete-lined reservoirs 
for oil storage, the transportation and handling of a large tonnage of structural 
materials is necessary. Railroads or highways, suitable for heavy motor or horse- 
drawn vehicles, must therefore be available. If the site selected is not in or near a 
city or town, living accommodations and other facilities, such as \yatcr supply, must 
be provided for the attendants who look after the ^^farm^' after it is placed in service. 
The area selected must be conveniently located with respect to the refinery, pumping* 
station or other transportation terminal which it is intended to serve. 





Fig. 288 .- — A typical storage “farm*' equipped with both steel tanka and conereto-lined 

reservoirs. 


Topography. — The site selected should be fairly level. Tanks must have a level 
foundation, and since they arc often of large diameter, excavation costs will be high 
if sloping ground is selected. Similarly, embankments for a reservoir will be more 
costly if excavations must be made on a hillside. In some cases, however, where 
gravity flow from the storage is desirable, an elevated position, perhaps on sloping 
ground, will be deliberately selected, the additional cost of excavation being offset 
by the cost of equipping and operating a pumping plant which would otherwise be 
necessary. 

Character of Soil. — If tanks are to be used, it will be important to select firm 
ground which will not shift under the weight of the tanks and their contents. In the 
higher tanks, the weight imposed will amount to a ton or more on each square foot. 
If marshy land is selected, it may be necessary to prepare supports by driving piles 
to prevent the tank from sinking into or otherwise displacing its foundations. Wet 
ground is also detrimental to the steel bottoms of such tanks, particularly if the 
water is saline. Alkaline soils may cause rapid corrosion of metal, even though 
the soil is fairly dry. The soil should be homogeneous in texture, preferably a sandy 
clay in which clay predominates. 
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Cost of Land.— Since a large space will ordinarily be required for the storage 
system, the coat of the land occupied wA 1 be a consideration in the selection of a site. 
This may become a factor of transcendent importance if the storage must be located 
in or near a city, or in other situations where values, as determined by the suitability 
of the land for other purposes than oil storage, are high. In such cases, the cost of the 
necessary acreage may amount to 50 per cent of the total cost of storing the oil. 

Because of the fire risk, the area selected for the storage farm should be set apart 
and not used for other purposes, such as for wells, dwellings or other oil field plant. 



{After O U. Bradley iti Trarnt Am Inut Mining & Metallurgical Enyrs ) 
Fjg. 280. — Illustrating staggered Kio, 290. — Illustrating i) 0 .sition of fire 
arrangement of tanks. wall about oil storage tank. 


For the same reason, the tanks or reservoirs must be spaced apart sufficiently, and fire 
walls or earthen levees must be constructed, to prevent fires from spreading from one 
container to another (see Fig. 290). Often a section of land on the edge of an oil field, 
near the initial pumping station on the pipe line which carries the product of the field 
to market — acreage wdiich it is felt certain will never be of value as productive oil 
land — will be the site selected for the field storage. Storage faculities for a refinery 
must ordinarily be located on a site immediately adjoining the plant, and in such 
cases land values, even through abnormally high, must ordinarily be subordinated 
to convenience and e(!onomies in operation. 

Steel tanks of 55,0()0-bbl. capacity, spaced 500 ft. apart, center to center, will 
occupy 5.74 acres per tank. If land is valued at SlOO per acre, the cost will be a little 
over 1 ct. per barrel of storage capacity. Staggering the locations in alternate rows 
is more economical in acreage occupied than if a rectangular pattern is followed (see 
Fig. 289). Concrete-lined reservoirs 528-ft. in diameter and 22 ft. deep, having a 
capacity of 750,000 bbl., may be spaced about 1,000 ft. apart, center to center, each 
reservoir occupying an area of about 13 acres. On the same valuation per acre 
assumed in the case of steel tanks, the cost of land will be only about .1.0017 per barrel 
of storage capacity. 

First cost and salvage value of the containers provided for storing the oil will be 
important considerations in the selection of one type in preference to another. Steel 
tanks are found to be more expensive, costing from three to four times as much per 
barrel of storage capacity as concrete reservoirs, but they possess certain advantages 
in lower evaporation and seepage losses which may, in the case of light oils, easily 
offset the additional first cost. Steel tanks in even the larger sizes can be readily 




STORAGE OF PETROLEUM 511 

taken apart and moved to a new location. Consequently their salvage value will be 
much higher than that of a concrete reservojr, which will ordinarily be of little or no 
value when the field which it serves is exhausted. Both types of storage are long-lived, 
the deterioration in each case being scarcely mcasureable, but it is generally conceded 
that the steel tank has a shorter life. While deterioration of the steel plates may be 
largely prevented by occasional painting, the inner bottom surface is subjected to 
continual contact with water, which, settling out of the oil, is usually saline, and may 
result in corrosion of the bottom plates long before the sides and top show any signs of 
deterioration. 

Seepage losses will be negligible in the case of steel tanks, ^ being confined to 
small leaks between seams, due to inefficient calking or to strain imposed on the^ 
plate joints. Such losses are also unimportant in properly constructed concrete- 
lined reservoirs, but are generally regarded as more probable through concrete linings 
than through riveted steel plates, especially if cracks develop in the concrete lining 
due to unequal expansion or contraction, or to buckling or subsidence as a result of 
improperly prepared foundations. 

Evaporation Losses. — The loss of petroleum while in storage through evaporation 
is a factor of great economic importance, and one which has not received the attention 
it deserves until very recently. Evaporation during storage is particularly noticeable 
in the lighter oils, and is variously estimated at from 1 to 25 per cent, depending upon 
the volatility of the oil, the temperature, wind velocity, amount of agitation which the 
oil undergoes and the length of time in storage. Investigations of the U. S. Bureau of 
Mines^* have shown that petroleum of 34° in Baum6 gravity, stored at an average 
temperature of 78°F., in 500-bbl. steel storage tanks, may suffer a loss of 4.6 per cent in 
bulk during a period of storage extending over only 10 days. In filling a storage tank 
over a period of 6 days, with 40.7° B^. oil, at an average temperature of 37°F., with the 
tank hatch open, a loss of 6 per cent in volume resulted, accompanied by a reduction 
of 2.46° in Baum('‘ gravity. While normally the losses will probably be less than this, 
evaporation will still be an important consideration, since the amount of oil so lost 
represents the lighter and more valuable gasoline-forming constituents. The evapora- 
tion of even 1 per cent of the contents of a 55,000-bbl. tank of petroleum represents a 
loss of 550 bbl., which, at current gasoline prices, represents a loss of nearly $6,000. 

The temperatures prevailing in oil stored in steel tanks on a hot summer day may 
be sufficient actually to distill off some of the lower boiling constituents. Vapors 
escaping from the oil accumulate in the free space under the roof of the tank or reser- 
voir until the vapor pressure of the oil is equalized. Once equilibrium is established 
between the vapor pressure of the oil and the pressure of the free vapor above the oil 
surface, no further evaporation occurs unless the vanor is allowed to escape from the 
tank. Generally, the roof of a steel tank is not gas-tight — the covering over a large 
reservoir is seldom so — consequently, vapors escape and evaporation continues 
indefinitely. 

It is apparent that while temperature is an important consideration in this process, 
security against gas leakage is the controlling factor, and if the leakage of gtis from the 
container could be prevented, evaporation losses would be much reduced. It is 
seldom feasible to accomplish this. A vent must be provided to prevent the gas from 
developing unsafe pressures within the tank. Air must be admitted or gas must be 
permitted to escape when the oil level rises or falls as oil is withdrawn or added. 
Most reservoirs and many steel tanks are roofed over with wooden sheathing, perhaps 
covered with roofing paper, a type of construction whicjh is never secure against gas 
leakage. Under such circumstances, the wastage by evaporation on a warm windy 
day may account for a substantial loss. Investigations have shown that if the tank 
roof is not secure against gas leakage, evaporation losses are greater on a cool windy 
day than during a hot quiet day. 
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Various methods have been proposed and applied to reduce evaporation losses, 
particularly in steel tankage. These wi{l be described in a later section of the present 
chapter. It will be apparent, on comparing the two principal types of oil storage, that 
the steel tank is ordinarily superior to the concrete reservoir in curtailing evaporation 
losses, though the latter would appear to have the advantage of lower oil temperatures. 

Petroleum probably undergoes its greatest loss during the first few days of storage. 
Agitation of the oil during its admission to the tank doubtless contributes largely to 
this result. Once the oil is completely at rest, its evaporation rate will be some- 
what reduced. There is, however, continual vertical movement in stored oil; the 
surface oil, being 'reduced in gravity by loss of its lighter constituents, sinks and is 
^ replaced by lighter oil from lower strata. It is apparent that the evaporation rate 
must decrease as time goes on, since the oil is continually decreasing in Baum6 gravity, 
a change which is indicative of reduction in the amount of low-boiling constituents. 

Fire risk is an important element in the selection of a type of storage for large 
volumes of oil. Losses involved in the burning of a large tank of oil are so great 
that their prevention is worth the expenditure of considerable sums. Preventive 
measures include the prevention of gas leakage, provision of lightning arresters, 
isolation of one container from another and devices to prevent overheating. A steel 
roof is obviously more secure against fires from an external source than a wooden 
roof. While the fire risk would appear to be greater in the case of concrete reser- 
voirs, due to the frequent use of wooden roofing on this type of storage, the 
oil temperatures, as explained above, are generally lower than the temperatures 
prevailing in steel tanks. There are few cases on record of oil fires in large concrete 
reservoirs, and many have occurred in steel tanks; nevertheless, the fire risk is prob- 
ably greater in the case of the reservoir, because of the larger volume of oil commonly 
stored in it, and because of the difficulty of applying fire extinguishing devices. 

Types of Storage 

C^.ontainers for the storage of petroleum in bulk may be conveniently 
classified into two groups: tanks and reservoirs. Tanks may be made of 
cither wood, steel or reinforced concrete. The steel tank, made of 
riveted steel plates, constitutes the most common type of storage. 
Reinforced concrete reservoirs, while comparatively few in number, never- 
theless, because of their large capacity, provide storage for a com- 
paratively large percentage of the stored oil in certain regions producing 
low-gravity oils, notably in California. The reinforced-concrete tank, 
while a comparatively recent innovation, is a promising substitute for 
the steel tank. Wood-stave tanks of large size (above 2,000 bbl.) are 
seldom met with and are not to be recommended because of greater fire 
risk, excessive evaporation losses and because of the difficulty of keeping 
them tight against leakage. ‘ Earthen reservoirs are usually intended to 
be only of temporary use and are constructed only in cases where sudden 
and unexpected need for storage facilities has developed and other types 
of storage are not available. 

Several types of steel tanks are employed for the storage of petroleum. 
Galvanized iron, either corrugated or plain, is often used in the manu- 
facture of tanks of small capacity. Small and moderate sized tanks are 
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also commonly manufactured of black sheet steel, the sections being 
built up of steel plates with riveted jf)ints, while the sections are bolted 
together in assembling the tank. The larger sizes of tanks, that is, those 
exceeding 1,500 bbl. in capacity, must be assembled on prepared founda- 
tions using riveted joints throughout. 

Tanks of 100-bbl. capacity or less are usually assembled by the manu- 
facturer and are shipped intact and ready for service as soon as placed 
on adequate foundations and connected with piping /see Fig. 291). 



Fig. 291 . — A group of corrugated steel storage tanks and earUien reservoirs. 


Such tanks arc often made of thin, galvanized sheet iron, and to give rigidity 
the metal may be corrugated, the corrugations running horizontally, 
around the tank. Larger tanks must usually be “knocked down” 
and assembled in the field, though it is feasible to move a tank as large 
as 500 bbl. in capacity with a 5-ton motor truck. Many operators are 
equipped for the manufacture of small tanks of 100 bbl. or less in their 
field shops, but it will not usually be economical to undertake the fabrica- 
tion of larger tanks without special facilities which the average operator 
cannot afford to own. 

Intermediate sized tanks are often of the “bolted” variety, in which 
the tank is shipped into the field in sections which have merely to be 
bolted together. Aside from convenience in handling and assembling, 
such tanks possess the great advantage that they can be readily taken 
apart and moved to a new location if dbsired. Fig. 292 illustrates 
some of the more important features of bolted tank design furnished by 
one well-known manufacturer (see also, Fig. 267). 

Wood-stave tanks have been rather widely used for the storage of oil 
in certain American fields, but are seldom met with in sizes exceeding 2,000 
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bbl. in capacity. The 500- and SOO-bbl. wood-stave tanks are the most 
common sizes. The material is either pine or redwood, which is shipped 
to the aite on which the tank is to be erected as strips or staves, so 
shaped that on being placed side by side around a circular wooden bottom, 
they form a tank as high as the staves are long. The staves are held 
firmly together by metal hoops or bands which encircle the tank on its 



{ParJeershurf/ Rig it* Reel Co ^ Parkersburg, IV. Va ) 
Fi«. 292. — Typical boltod tank. 


outer circumference. If the stave edges are carefully beveled to accord 
with the desired radius of the tank, such a tank can be made fairly secure 
against leakage. Tension in the metal bands is adjustable by means of 
turnbuckles or simple screw devices (sec Figs. 293, 294 and 295). The 
joint between the staves and bottom is mortised, tongue-and-groove 
fashion, and the usual design provides that the tank is slightly smaller 
at the top than it is at the bottom. Wood-stave tanks are never as 
satisfactory for the storage of .oil as they an' for the storage of water. 
Expansion of the wood under the influence of water renders the wood- 
stave tank practically watertight. This tendency of the wood to expand 
is quite absent when in contact with oil, so that the only security against 
leakage between staves must result from accurate fitting of the staves 
and tension in the steel hoops. 
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To offset this tendency of wood to shrink when in contact with oil, a 
patented tank has been devised and il available on the market, in which 
the edges of the staves arc grooved in such a way that water may be 
admitted between all joints, thus swelling the staves and reducing, or 
even entirely preventing, leakage of oil. This tank is provided with a 
watertight closed top which is depressed below the upper ends of the 
staves. Holes bored half through the 
staves admit water to the channels and ^ 

the stave and cover joints may be kept - ^ ^ 

permanently tight by keeping the space 
above the cover filled with water (see . 

Fig. 295). 




{Parkerahuru Rig & Red Co ) 

Fig. 293. — Common form of wood-stave tank 
for oil storage. 


{PaTkerahurg Rig cfe Red Co.) 

Fig. 294. — Gun-harrel type of wood- 
stave tank for oil storage. 


RIVETED STEEL TANKS 

Steel tanks for the storage of petroleum are always cylindrical in 
form. Though storage tanks having their axes placed horizontally are 
sometimes met with- particidarly in tanks of small size used for the 

storage of fuel oil and gasoline- it is universal 

practice in the case of the larger sized tanks ~ " * 

to place the axes vertical. Such tanks arc 
built up in horizontal rings riveted to- 
gether, one above another, with a steed bottom 
consisting of riveted steel plates, and a low 
conical roof, sometimes of wooden sheathing, 
though preferably of steel plates, riveted to- 
gether in the same manner as the sides and 

bottom (see Fig. 296). Two flanges made by 

bending angle iron to the tank radius are used, 295.- Wator-top wood- 

one for connecting the cylindrical shell with stave pipe for oil storage, 
the bottom, and the other for connecting the 

shell with the roof. The shell, roof and bottom are securely riveted to 
these flanges, and all joints are carefully calked to prevent leakage. 
Intake and sUction piping with a screened swing pipe and a means of 
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controlling its position in the tank, a stairway leading to the roof, manholes 
for access to the interior, gaging ^nd ventilating hatches, complete the 
equipment of the tank. 

Capacities of steel oil storage tanks range from 25 to 80,000 bbL; 
but for large-scale tank farm storages the 55,000-bbl. size has been used 



FLAN 

Fig. 290. — Riveted .steel tiink, 05,000-1)01. capacity. 


more than any other, and units of this size have become almost standard 
in large installations. Keccntly, the tendency has been toward the 
use of larger tanks, many 80,000-bbl. tanks having been installed in the 
California fields in 1923. Table XL gives the more important dimen* 
sions of riveted steel tanks, together with corresponding capacities, 
weights and character of joints. 
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During the flush production of the southern California fields in 
1922-1923, many 80,000-bbl. tanks ^re built, and late in 1923 six 178,- 
000-bbl. riveted steel tanks were contracted for by a California oil 
company. The latter size of tank is 175 ft. 9 in. in diameter and 
42 ft. high and is fitted with a flat steel top, depressed 6 in. to 

form a water seal. The first ring has a thickness of 1 in. and has 
double butt strap, sextuple riveted joints. The total weight of the 
tank is about 720-tons. It is thought that the 80,000jbbl. tank marks 
about the limit of economy in steel tank construction, the 178,000-bbl. 
tank costing 6 cents more per barrel of capacity, but more efficient 
utilization of land acreage in the case of the larger tank sometimes 
off-sets this. 


Table XL. — Sizes, Weights, Capacities and Character of Joints for Riveted 
Steel Oil Storage Tanks* 






Shell 

Thickness 


Size angles 

Capacity 

barrels 

Diam- 
eter, ft. 

Height, 

ft 

No 

rings 

Thickness U S gugc no 

of bottom 
U. S gage 
no. 

Bottom 

flanged, 

Top 

flanged, 






in. 

in. 

100 


10 

2 

10 

10 




300 

15 

10 

2 

7-7 

7 

2>2 

Xh'e 

2J'a XH 

500 

20 

10 

2 

7-7 

7 

XKe 

2H XH 

750 

20 

15 

3 

7-7-7 

7 

2K Xj^ie 

2H XH 

1,000 

20 

20 

4 

7-7-7-7 

7 

2 I 2 

XKe 

2H XH 

2,000 

25 

25 


6-G-6-6-6 

3 

2W XMe 

2HXH 

2,000 

30 

16 

3 

6-6-6 

3 

2H XMe 

2H XH 

2,500 

30 

20 

4 

6-C-C-6 

3 

2)-/ XK« 

2H XH 

3,000 

30 

25 

5 

6— 6— 6— 6-6 

3 

2;, 

XHe 

2H XH 

3,500 

30 

30 i 

6 

3-0-0-G-6-G 

3 

2W XHt 

2HXH 

5,000 

35 

i 

30 i 

6 

3-6-6-6-6-6 

3 

3 

X?ii 

2H XMe 

5,000 

38 

25 


6- 6- 6-6-6 

3 

3 

XH 

2H xMc 

6,000 

38 

30 

6 

3-6-6-6-6-6 

3 

3 


2H XHe 

6,500 

40 

30 

(> 

0-3-3- 6-6 -6 

3 

3 

X^« 

2H xMo 

10,000 

50 

30 

6 

0-3-6-6-6-6 

3 

3 

XH 

2H XHe 

10,000 

1 54 

25 

5 

4-5-6-6-6 

6 

3 

XH 

2H XHe 

15,000 

66 

25^2 

5 

! i_3_o_6-6 

6 

3 

XH 

2H XHe 

20,000 

76 

25^2 

5 

0-3-6-6-6 

6 1 

3 

x« 

2H xHo 

25,000 

86 

25 

5 

00-1-5-6-6 

6 

4 

XH 

2H XHe 

30,000 

86 

30 

0 

0000-00-1-5-6-6 

6 

4 

XH 

2H xHo 

37,500 

95^2 

3 OH 2 

6 

K8-in.-000-0-3-5-6 

6 

4 

XH 

2H XMo 

55,000 

114H2 

3 OM 2 

6 

H-in.-Kc-in.-000^~0-3 6 

6 

4 

xH 

3 


* From Lucey Corporation’s Catalog No. 8. 


Steel Tank Design. — A 55,000-bbl. steel tank will contain about 8,650 tons of 
20®B6. petroleum. Pressure against the cylindrical shell of a tank filled with 20° 
oil to a depth of 30 ft. increases in a constant ratio from zero at the top surface to 1,680 
lb. per square foot at the bottom, which latter figure represents also the weight of 
oil on each square foot of the bottom plates. 





518 


PETROLEUM PRODUCTION ENGINEERING 


It is obvious that the greatest strain, due to the weight of the oil, will fall on the 
vertical seams connecting the individual plates forming the rings. This is due to 
the outward pressure, normal to the walls, tending to increase the diameter of the 
cylinder, thus putting strain on the joints which resist radial expansion. The hori- 
zontal seams connecting the several rings will normally be subjected to comparatively 
little strain from the weight of the oil in the tank, so that they may be designed 
merely to withstand the dead load of the tank itself. These variations in strain 
imposed on different portions of the tank are allowed for by varying the thickness 
of the metal plates and the number, size and arrangement of rivets at the joints. 
Table XLI gives Specifications for a 55,000-bbl. tank, 114 ft. 6 in. in diameter and 
,30 ft. deep. 


Table XLI. — Specifications Covering Thickness of Metal and Character of 
Joints for a 55,000-bbl. Kiveted Steel Oil Storage Tank* 


Horizontal nv^et- 
ing --all single 


Vertical riveting 


rows 



Thick- 

Weight 







Part 

ncas, 

per 






Distance 


in. 

square 

Dmin- 



Diarn- 


between 




eter of 

Pitch, 


eter of 

Pitch, 

rows. 




rivets, 

in. 

OW8 

rivets, 

111 

center to 




in 



in. 


center, 









in. 

— 


-- 

_ 


- 

— 



Bottom sketch plates 

He 

12.75 


VA 





Bottom rectangular 





1 




plates 


10 20 

: 

lli 





First ring 

Me 

22 95 

1 

2A 

Triple 

' H 

3 

2 

Second ring 


20 40 

Is 

2 A 

Double 

A 

3 

2 

Third ring . 


16.58 

H 

2A 

Double 

A 

2A 

2 

Fourth ring 

He 

12.75 

n 

2A 

Double 

A 

1 2A 

IH 

Fifth ring . . 


10.20 

% 

2 

Double 

H 

2A 

IH 

Sixth ring 

>4 

10.20 

'}h I 

2 

Double 

H 

2A 

iH 

Roof plates 

He 

7.65 

% 1 

1 

iH 






• After C P Bowie in IJ S Bureau of Mines, /yw// Ifi.') 


It can be demonstrated mathematically that above a certain "critical capacity/’ 
which varies with the type of tank (see Table XLI I), the most economical height for a 
steel tank is constant and that below this capacity, the most economical ratio of 
diameter to height is constant.® Certain other constants useful in calculating 
weights of various types of tanks are also indicated in Table XLII. 

While it is customary to place the greater part of the metal in a tank in the cylin- 
drical shell, it must be remembered that the roof and bottom, while subjected to 
smaller stresses, nevertheless, arc the parts which deteriorate most rapidly. The 
bottom is subjected to corrosion both on its lower side by contact with earth, and on 
its upper side by saline water which settles from the oil. The roof must bear the 
brunt of any deterioration which may result from exposure to the weather, and in 
addition, is subjected to corrosive sulphur and other gases derived from the oil. 
The careful designer will therefore not reduce the thickness of the roof and bottom 
plates to that barely necessary to resist the stresses imposed. 
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Table XLII. — Important Factors in Steel Tank Design 


Type of tank 

Conical 

steel 

roof 

Water- top 
roof 

j Wooden 
roof and 
supports 

1 

Open tank 

Weight of top, bottom and sup- 

1 




ports per square foot of bottom] 





area, lb ! 

16.75 

17 40 

Ilf 20 

8.60 

Critical capacity, bbl 

4,000 

3,900 

4,820 

5,450 , 

Most economical height (for tanks 

1 




above critical capacity), ft . . 

' 32 4 

33.1 

26 6 

23.2 

Most economical ratio of diameter 

1 




to height (below critical capac- 

j 


1 


ity) ; 

1 0 92 

0 876 ! 

1.36 

1.77 

Most economical diameter of tank 1 


1 


2.33 

(for capacities below criti<;al 

1 87 

1 84 

2.13 

capacity), ft . . . 





Minimum weight of tank (alcove 

5.8 C + 

5.9 C + 

4.75 a + 

4.16 C + 

critical capacity), 11) 

i 11,500 

11,500 

11,. 500 

11,500 

Minimum weight of tank (below 


139 


llOC^^ 

critical capacity), lb 

i i;i7 

i 

120 


Note: In this tiihle, C = capiuaty of tank in barr(‘lH (42 gal.). A tensile 
strength of 55,000 Ih. por square inch an<] a safety factor of ‘A are assumed for the steel. 
The efficiency of joini.s is assumed to he 0.70. The minimum thickness of steel is 
taken at in. The weigl^t of a cubic foot of oil is assumed to be 60 lb. 

The riveted steel tank, wiiile well designed to withstand internal pressure, offers 
comparatively little resistance to external forces, particularly when empty. Wind 
pressure may at t.imes exceed 40 lb. per foot of exposed surface, a unit force which, if 
applied to the resisting surface of a 55,000-bbl. tank, would amount to nearly 50 tons. 

Such a tank would weigh 180 tons or more, so that there is no danger of the tank 
being overturned. The wind pressure might be sufficient, however, in extreme cases, 
to collapse the tank, the only security against collapse from an external force being 
that offered by the roof and the bottom flange to which the shell is riveted. Snow 
loads may amount to JIO lb. p(‘r square foot in cold climates, or a total load on the roof 
of a 55,000-bbl. tank, of 154 tons. 

Some designs specify the use of steel cables attached to the inner walls of the shell 
and stretched taut across four diameters of the tank at such distances apart that the 
tank area is divided into 45° segments, giving the appearance in horizontal projection, 
of spokes in a gigantic wheel. ^ The cables may be arranged in two horizontal planes, 
one about 10 ft. above the bottom of the tank, and the other 10 ft. below the top 
Range, the ropes in the two planes being staggered with respect to each other so that 
the shell in a 55,000-bbl. tank is braced at intervals of about 20 ft. around the entire 
circumference. The cables us(k 1 for this purpose are about in. in diameter, dis- 
carded sand lines from the drilling rigs often being used. This practice has led to the 
name “sand line reinforcement^^ being applied to it. Such reinforcement not only 
assists in resisting internal forces, but gives the tank a certain rigidity which it does 
not otherwise possess, thus minimizing any tendency it may have to collapse on the 
application of excessive wind pressure. 
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Another strain to which the steel tank may be subjected in service is that due to the 
development of abnormal pressure conditions in the air space under the roof of the 
tank. The roof of a steel tank is intended to be gas-tight, or practically so, and any 
change in the fluid level of the oil in the tank, without providing for the admission or 
escape of air, might result in the establishment of pressures somewhat above atmos- 
pheric within the tank when the fluid level is raised, or a partial vacuum may result 
if oil is withdrawn. Mere difference in temperature between day and night of, say, 
40°F., without change in the fluid level and without escape of air or gas, would result 
in an increase in air pressure within the tank of 1 lb. per square inch. If this pressure 
were applied to thq entire area of the roof, it would create a lifting force of 740 tons 
against the under side of the roof. This is a force 700 tons greater than the downward 
lorce due to the weight of the roof, and places considerable strain on the roof joints. 
This gas pressure is further increased by the expansion of the oil itself and by the 
tendency of the oil — especially the light oils — to develop higher vapor pressures when 
subjected to increase in temperature. 

It is doubtful, however, whether a tank is ever subjected to the full effect of this 
tendency of gas and air to expand, for the reason that the roof is seldom absolutely 
gas-tight. If it were made so initially, operation of the expansive force of the air and 
vapor would probably soon open up the joints to such an extent that air and vapor 
would escape when the temperature increased, and air would be drawn into the tank 
when reduction in temperature caused contraction. "Breathing*’ of steel tanks in 
this manner, with eacdi change in temperature, results in the loss of large volumes of 
gasoline vapor. At night when the temperatures are low, fresh air is drawn into the 
tanks. This air absorbs gasoline vapor from the oil by evaporation of the latter, and 
during the next day when the temperature increases, is expelled. With 28M ^t. of oil 
in a 55,000-bbl. tank, an increase of only 25° in Fahrenheit temperature would result 
in 1,870 cu. ft. of air and vapor being expelled from the tank, providing the condition 
of the roof permitted its escape. 

Tank Foundations. — The ground on which the tank is to be erected must be 
carefully graded, compacted and leveled. Precautions must be taken to prevent filled 
ground from settling or shifting after the tank is erected, otherwise severe strains may 
be imposed on the tank plates. This is particularly apt to occur when the site is 
partly excavated and partly filled, since the filled portion is likely to settle while the 
ground in place is not. It is preferable to place the tank either entirely on filled 
ground or entirely in excavated ground. Compacting filled ground may be accom- 
plished to some extent in the process of placing the fill, using the Fresno type of scraper 
and allowing the stock to pass back and forth across the fill as much as possible. 
Sprinkling the loose earth with water as it is placed is also effective in compacting it. 
Rolling successive layers of earth with a steam roller or bitulithic tamper during the 
placing of the fill is of course most effective, but is seldom necessary. 

When the site is approximately level and thoroughly compacted, grade stakes are 
driven at numerous points over the surface so that their tops are precisely in a level 
plane as determined with the aid of a level and rod.^ Sand or gravel is then spread 
over the site until a surface coinciding with the tops of the grade stakes is established. 
Occasionally, old steel rails may be embedded in the sand or gravel, flush with the top 
surface, to give greater stability to the foundations. 

Precautions should be taken in selecting material for the final surfacing, to avoid 
earth containing alkaline salts which might cause rapid deterioration of the relatively 
thin bottom plates. The tank bottom should also be protected against saline ground 
waters which might rise through the foundations and corrode the bottom plates. 
Water leaking through the bottom of the tank from the inside may also form puddles 
which keep the under surface of the bottom plates permanently wet, causing rapid 
corrosion. Seepage of water from the subsoil may be largely prevented by spreading 
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several inches of oil sand over the entire site, using this material instead of ordinary 
sand or gravel in adjusting the tank foundations to final grade. If oil sand is not 
readily obtainable, the completed surface maj^ be oiled and the oil worked in 3 or 4 in, 
with the aid of rakes. 

Tank Construction. — The steel, as delivered by the manufacturer has been care- 
fully gaged, fitted and punched, so that nothing but the riveting and calking need be 
done in the field. Each plate is marked to indicate its position in the tank and the side 
plates and angle flanges are rolled to proper curvature. Rivet holes in the plates 
must be accurately punched so that they match within 10 per cent of their diameter 
when the plates are assembled, and the rivet holes are not more than Jfe in. larger in 
diameter than the rivets that are to fill them. 



Fig. 297.“ Showing twe riveted steel tanks in course of construction. 


Construction of tlic tank begins with the riveting of the bottom plates. These 
must be supported about 3 ft, off the ground until the entire bottc^m is completed. 
This is necessary since access must be had to the lower surface of the bottom plates in 
the process of riveting and in applying a coat of asphaltic or other rust-resisting paint 
after the riveting is completed. Substantial timber blocking or horses may be used 
to support the bottom during construction and it is usually held off the ground in this 
way until the bottom flange and first ring have been riveted in position, and the work 
has been tested for possilde leaks by flooding the bottom with about 6 in. of water. 

Riveting is preferably accomplished with the aid of pneumatic tools, a small port- 
able compressor driven by a gas engine or electric motor furnishing the necessary air 
pressure. All rivets over in. in diameter are driven hot. The bottom plates must 
be riveted from the inside (z.c., toj)) but all other riveting is done on the outside of the 
tank. 

All seams arc thoroughly calked with the aid of a round-nosed pneumatic calking 
tool. The bottom plates and angle-iron joints are calked on the inside (or top), but 
all other joints in the shell and roof are calked on the outside. All castings, flanges, etc., 
riveted to the tank, are carefully calked, both inside and outside. 

The shell of the tank is formed by ase.ending inside courses (see Figs. 297, 298 and 
299). The steel plates are generally about 5 ft. wide and 15 ft. long, there being 24 
sheets in each ring in the case of the 55,000-bbl. tank. Some designs specify plates 
approximately 1\'2 wide and 18 ft. in length, thus building the 30 ft. shell of four 
rings instead of six, and eliminating two horiz.ontal and four vertical scams. This 
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plan reduces the linear length of calked and riveted joints by more than 16 per cent, 
but does not permit of such accuracy of design in varying the thickness of the shell 
plates, M does the six-ring tank; henefc the tank must be heavier. A light timber 
scaffolding, erected on both the inside and outside of the tank, aids in the erection 
of the shell. The vertical seams in the first two courses are triple-riveted, while 
in the third, fourth and fifth courses they are double-riveted. All horizontal seams, 
and the vertical seams in the top or sixth course are single-riveted. 



Fiq. 298. — Showinn mothod of asscmbliiii; sholl of large riveted steel bank. 


To avoid heavy lifting over the lalge of the tank shell, with possible damage thereto, 
most of the interior equipment of the tank, including the roof sujiports, will be placed 
on the tank bottom before erection of the shell. Plreetion of the roof supports may 
proceed simultaneously with the shell, though the rafters cannot be placed until the 
top ring and flange have been riveted in position. With the exception of the center 
post, which is a fi-in. pipe, the rqof columns are all constructed of structural steel 
shapes, as illustrated in Figs. 299 and 300. They support, on their upper ends, two 
concentric rings of channel iron, rolled to the proper curvature, which in turn provide 
supports for tlie I-beam rafters. 

The roof simply rests on the rafters and is not riveted to any supports except at the 
top flange, where it joins the top ring of the shell. This construction permits the roof 
to expand or contract under the influence of the pressure and temperature variations 
to which it is subjected, without danger of buckling the roof plates or of placing undue 
stresses on the joints. The roof plates are (carefully riveted and calked in the same 
manner as the shell and bottom plates. The roof, wlien completed^ should be gas- 
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tight) and specifications may prescribe that it show no leaks when tested under an air 
pressure equal to its own weight. Roof platss must bo at least Jfe in. thick to permit 
of calking. Some designs use a lighter plate and, instead of calking, prevent leakage at 
the joints by inserting a thread “ weave,^* previously immersed in red lead, between the 
laps of the sheets before riveting them together. This method reduces the cost of 
construction to some extent, but the material 
placed between the plates deteriorates in 
time and leaves the roof without protection 
against leakage. However, as explained 
elsewhere in this (diapter, it is doubtful, 
under the conditions imposed, whetlier a 
calked roof can be maintained secure against 
gas leakage. 

The bottom ring of the shell, near its 
lower edge, is equipped with three pairs of 
companion flanges for pijie cuinnections. 

One of these is for an 8-in. oil inlet pipe, 
one for an 8-in. oil suction pipe and the third 
for an 8-in. water drain. These connections, 
being in the side of the tank, do not permit 
of completely draining it, whiidi, however, 
is seldom necessary. To drain the tank 
completely, when desired, a fourth 8-in. 
flanged outlet may be placed in the bottom, 
near the edge, connecting with a suitable 
drain pipe imbedded in the foundations. 

Two manhole flang(*s, 20 in. deep, are also 
placed in the bottom course at convenient 
points, the flanges being fitted with ^'*8-in. 
bolted covers. A number of flanged outlets 
are also plac,ed in the roof to provide oppor- 
tunity for gaging, cleaning the swdng-pipe 
screen and for connecting ventilating pipes, 
vacuum relief valves, or explosion hatches. 

The swing pipe is connected to the suction piping through a swivel joint, which 
may consist of two loosely screwed elbows and a short connecting nipple, or, preferably, 
the swivel may be of special design with gland-packed joints to permit the necessary 
movement witliout leakage. A well-designed type of swdvel joint for this purpose is 
illustrated in Fig. 801 . A chain or cable connects the free end of the swing pipe with a 
small hand power winch, placed either on the roof of the tank or on the side near the 
ground, by means of which the swing pipe may be supported in any desired position 
to draw oil from a selected level in the tank. Some operators equip their swing pipes 
with a float placed at the suction end in such a way that the float carries the full weight 
of the pipe, maintaining the oil suction inlet at a constant distance below the oil sur- 
face. The swing pipe need then only be hoisted with the winch when it is desired 
to elevate the inlet above the oil surface. Floats of sufficient size to float the heavy 
swing pipe have the disadvantage that they add considerable weight in case it is 
necessary to lift the latter with the winch while the tank is empty. 

For ready access to the top of the tank, a stairway should be provided of either 
Wood or steel, preferably the latter. This should be equipped with hand rails on 
either side and conveniently terminates at its upper end in a small platform 2 ft. 
below the edge of the roof. The gager stands on this platform while taking measure- 
ments of the fluid in the tank or gathering samples, the gaging hatch being within easy 
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reach of one standing on the platform. Some tank manufacturers equip their tanks 
with steel ladders instead of the more (^pensive stairways, but the convenience and 
safety of the gager, carrying samples of oil, possibly with greasy hands and wearing 
oil-soaked shoes, should offset any slight difference in initial cost. 

Explosion Hatches. — Where high-gravity oils are to be stored, the steel tank should 
be provided with explosion doors to relieve the tank of excessive pressures which might 
cause its disruption in case of lire or explosion within. This precaution is particularly 
important in regions where electrical storms arc common. 



Outer ring and supporting posts. Inner ring and supporting posts. 

Fig, 300.— structural details of roof supports for 55, 000-barrel steel tank. 

It is obviously impossible to design explosion doors of sufficient area to relieve 
adequately the pressure developed in a violent explosion where a large volume of 
gas is mixed with just the proper proportion of air to form an cxplnsive mixture. 
Such a condition, how^cver, rarely exists w’ithin a tank in which oil is stored, and it is 
thought that eight explosion doors arranged at equal intervals about the roof, each 
having an area of approximately 9 sq. ft., will relieve the tank from serious injury 
in most eases. 

A good type of explosion door is of disc form, held in position over a flanged hatch 
in the roof by means of vertical guides.'^ The disc has a flanged edge and develops 
a gas-tight joint with the hatch flange with the aid of a water seal (sec sketch, Fig. 302). 
In case of an explosion, the disc is raised from the flange on which it rests by the force 
of the compressed gases and, after the release of pressure, again falls into position, the 
guides serving to keep it in position over the hatch opening. 

Vacuum Relief Valves.— The tank should also be provided with a vacuum relief 
valve to permit air to enter when oil is being withdrawn. This consists of an ordinary 
swing check valve, so mounted that the check will swing inward. Ihc valve is 
connected by means of suitable pipe fittings to a flange in the roof of the tank. Admis- 
sion of air to the valve should be through an ell, the open end of which is screened and 
turned downward over the edge of the tank roof. 

Tank Metals. — ^The steel ordinarily used in tank construction should conform to 
the “Standard Specifications “ prescribed by the American Society for Testing 
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Materials for structural steel, and may be made by either the Bessemer or open-hearth 
processes. It should contain not to exceed .96 per cent of phosphorous and not more 
than .046 per cent of sulphur. The tensile strength averages about 55,000 lb. per 
square inch and the clastic limit is about half of this amount. 

One manufacturer ol bolted tanks uses a steel containing from .2 to .25 per cent 
of copper, which is superior in its resistance to corrosion in comparison with ordinary 
mild structural steel in which copper is not present. The corrosive properties of tank 
materials, particularly the bottom plates, which are subjected to contact with saline 
water derived from the oil, would appear to be worthy of serious consideration. 


/ 



{After C P. Bowie, U S. B. M^iws (After C P Lowie, U. B. B ^fln€S Bull. 165). 

Bull l.'i.'j). 

Fig. 301. — Swivel joint for Ftg. .302.- Explosion hatch for 35,000-bhI. steel oil- 
swing pipe, 55,000-1)1)1. steel storage tank, 

oil storage tank. 

Welding of tank plates with the aid of the oxyacetylene torch or one or another of 
the electric welding methods offers interesting possibilities as a substitute for riveting 
in the construction of ste(‘l oil tanks. The general use of the oxyacetylene torch in all 
classes of sheet metal work and successful application of the fusion arc-welding and 
spot-welding processes in steel ship construction during the war are regarded as suffi- 
cient proof that these methods are feasible from every point of view. It is already 
common practice to weld the plates of small tanks, particularly those in which very 
light distillates and condensates — such as casing head gasoline — are to be stored. 

The great advantage of welded-joint construction is that the tank may be made 
secure against leakage of gas. Loss of oil vapor as a result of breathing” of the tank 
roof through expansion and contraction of gases, a process so destructive to calked 
and riveted joints, may be practically eliminated by applying the welding process 
to the top ring and roof plates. The weldijig process, if carefully performed, produces 
a joint as strong as the riveted joint and under favorable conditions the work may 
be more rapidly accomplished. Welding is probably cheaper than riveting in many 
cases. 

It is doubtful whether the present electric welding methods could compete on 
this class of work with the oxyacetylene torch from the standpoint of cost. Further- 
more, oxyacetylene apparatus is usually available in ^he oil fields, while the electrical 
apparatus is not; and it is easier to secure men skilled in the use of the gas-welding 
equipment. It seems probable that further development in the application of welding 
methods to oil field work will, within the next few years, demonstrate the superiority 
of this type of construction in the building of oil storage tanks. 

Wooden Roofs for Steel Tanks. — For the storage of heavy oils where evaporation 
losses are not a serious factor, steel tanks are frequently equipped with low, conical 
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wooden roofs instead of the steel type of roof already described. In such cases the 
roof supports are also of wood. Footing blocks 2 by 8 in. and 2 or 3 ft. long, placed 
on the bottom of the tank, support 6- by 6-in. posts arranged in two or more con- 
centric circles. Girders, 6 by 12 in. in cross-section, span the spaces between the 
posts in each circle and provide supports for 2- by 8-in. rafters placed radially. The 
rafters are covered with 1- by 6-in. or 1- by 12-in. wooden sheathing, generally planed 
to secure fairly tight joints, but occasionally laid on rough. The posts in each suc- 
cessive ring are tied together by means of diagonally placed 1- by 6-in. braces. In 
order to prevent leakage of water from without and to reduce evaporation losses as 
far as possible froAi oil stored witliin the tank, the wooden roof is generally covered 
.with roofing paper (. omc times with pebble finish), wdth sheet iron, or with an especially 
prepared asbestos rou^ng. 

Among the disadvantages of this type of roof, aside from the obvious difficulty 
of making it secure against leakage of gas, may be mentioned the increased fire risk 
and the damage which such a roof frequently suffers in regions where heavy wind 
storms are prevalent. 

Methods of Reducing Evaporation Losses in Steel Tanks. — A study 
of the problem of reducing evaporation losses of oil stored in steel tanks 
has led to the development of a number of different methods of controlling 
temperatures within the tank and of preventing the escape of vapors. 
Much may be accomplished in the way of reducing temperatures of stored 
oil by painting the tanks with heat-reflecting colors. Still better results 
are obtained by lagging the outside of the tank shell with terra cotta 
tile or wooden sheathing. Sprinkling the sides and top with water 
has also produced beneficial results, and the idea of cooling with water 
has been carried still further in the development of the water-top tank. 
In the latter case, the tank is equipped with a flat roof a few inches 
below the level of the top of the cylindrical shell, and the depression thus 
formed on top of the tank is filled with water, which aids materially in 
reducing temperatures within. Burying the tank in an excavation so 
that the roof is level with or below the ground surface has been 
suggested and would undoubtedly be successful in reducing tempera- 
tures. However, the excavation would be costl}'', the tank would be 
short-lived, and earth pressure against the tank shell would complicate 
the design. A plan for collecting hydrocarbon vapor escaping from 
the oil and using it to equalize pressure conditions in a group of tanks 
has also been successfully applied. 

Experiments conducted by the U. S. Bureau of Mines have shown that the 
temperature of oil stored in wdiite-paintcd tanks is from 5 to 10°F. lower than oil 
stored in black-painted tanks, other conditions being identical. Red paint is but 
little better than black paint in its h6at-reflccting properties, there being a difference 
of only 2°F. Aluminum paint and tin plate have better radiating properties than 
white paint, but are scarcely practical for use in tank protection. An oil-stained 
surface is a better heat absorber than an ordinary black-painted surface. 

Tanks ‘^lagged” or “shedded” with an outer protection of wood, terra cotta 
tile or other material, which makes it possible to surround the tank with an air space 
or a layer of other non-conducting material, are particularly efficient gasoline con- 
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setvers. Tile protection has been effectively used on tanks in which especially 
volatile products are to be stored, gcnerally*in and about refineries. This material 
is expensive, however, and on account of its weight, cannot be used economically 
on large tanks as a roofing material. Wooden sheathing has the advantage that 
it may be applied to the roof as well as to the cylindrical shell of the tank, and if a 
layer of sawdust or roofing paper is placed between the sheathing and the metal, 
wood is probably as effective in its non-conducting properties as tile. Wooden, 
sheathing undoubtedly adds to the fire risk, however, while tile is an added protection 
against fire. One refining company reports the erection of corrugated asbestos- 
coated steel “jackets” about five 65,000-bbl. storage tanks. Thcs(/structures enclose 
the tanks completely, leaving a dead-air space between the jack^ and the walls and • 
roof of the tank. For each jacket 5 tons of steel and 3, QUO sep yd. of asbestos 
sheathing are required, and it is claimed that the saving in evaporation losses will 
soon repay the additional cost. 

Water cooling of oil storage tanks is probably as effective as any other method in 
reducing evaporation losses. Water cooling devices take the form of revolving 
sprinklers mounted on the peak of tlie tank roof, or of actual submergence of the 
roof under water. In the former case, cooling of the tank is effected by evaporation 
of water spread in a thin film over the entire roof and shell of the tank, while in the 
case of the water-top tank, evaporation losses are reduced not only by the main- 
tenance of lower temperatures, hut also by absolutely preventing leakage of gas 
through the tank roof. TJie cooling effect in the latter case may be enhanced by 
circulating the water used through a louvre tower or cooling pond with the aid of a 
pump. Neither of these wat(*r-cooling devices liave found extensive use, though they 
are occasionally met with in imd about refineries and casing head gasoline plants for 
the storage of light distillates. 

A plan has been inoposed, and even put into jiractice in several instances, which 
involves connecting all of the storage tanks in a grouj) by a sy.^fem of piping, with 
a large gas storage tank or gasometer, so constructed as to equalize gas pressures 
throughout all the tanks of ti e grouj). Every effort is made to keep the tank roofs 
gas-tight; and such adjustments in gas volume as may be necessary to offset variations 
in level of tlic oil in the tanks are effected by discharging into or drawing gas from the 
gas storage system. Oil in the tanks is thus always blanketed by a saturated oil 
vapor, and gas expelled from the tanks on expansion of the oil, or during the filling 
of a tank, is drawn back again when the oil contracts m volume or when the tank is 
emptied. Under these conditions, when the air in the system becomes saturated 
with vapor, no further evaporation of the oil should occur. 

Study of evaporation losses in oil in storage during recent years has led to con- 
siderable improvement in the development of vapor-tight tankage. Kecent designs 
embody the use of improved types of joints, and pressure and vacuum relief valves 
and vapor-tight hal ches.^* 

REINFORCED-CONCRETE TANKS 

The use of reinforced concrete in the construction of tanks for oil 
storage was first given serious attention in the United States during the 
years of the World War, when sheet metal for steel tankage became almost 
unobtainable. The enforced use of concrete during this period served to 
demonstrate its practicability and engaged the interest of many engineers 
in the further development of this type of tank. Some engineers con- 
sider it a formidable rival of the conventional steel tank. 
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The reinforccd-concrete tank appears to have certain definite advan- 
tages over the steel tank. Such Vanks are not subject to corrosion and 
therefore require no protection against rust-forming agents, whether 
above or below ground. The material .is not subjected to electrolysis. 
Reinforced-concrete tanks can be designed to better advantage in resist- 
ing external pressure due to earth pressure or to the hydrostatic head in 
soils developed by ground waters. Concrete tanks can be readily con- 
structed in any^unusual shape that may be imposed by the terrain or by 
other physical plant in the vicinity of the location selected. The low 
conductivity of material insulates oil stored in such a tank against 
extreme temperature changes, thus retarding evaporation losses in 
summer and making the pumping of oil easier in winter. Aside from 
the matter of more uniform temperatures, evaporation losses can be 
further reduced since a concrete roof can be made practically gas-tight, 
whereas a steel roof often is not. As a result of lower oil temperatures, 
lower heat conductivity, and smaller gas leakage, and also because the 
material docs not attract lightning as does steel, the fire risks on oil 
stored in concrete tanks are materially lessened. Furthermore, the 
materials used in concrete construction are often obtainable locally, 
thus eliminating delays arising in the shipment of fabricated steel tank- 
age from a distant supply center. Maintenance and repairs, such as 
painting and calking, often important items in steel tankage, are of course 
unnecessary in the case of concrete. A concrete tank probably has a 
longer life than a steel tank. 

Among the important disadvantages that may be mentioned in compar- 
ing the reinforced-concrete type of tank with the steel tank, arc its lack 
of portability and greater first cost. The steel tank may be “cut down’^ 
and moved to a new location and reassembled, while the concrete tank 
is a fixture and has little or no salvage value in case it survives the need 
for which it was constructed. If steel tankage is readily available, it 
can be more rapidly assembled and placed in service than concrete 
storage can be constructed. 

Practice in the design and construction of reinforced-concrete tanks 
has not as yet established any particular form or type as standard. Most 
tanks so far constructed arc of the cylindrical, vertical-walled type, but 
some are rectangular with sloping walls, after the design of the earlier 
type of concrete reservoirs described in a later section. The roof and 
bottom are generally of flat reinforced-concrete slab construction, but 
occasionally the roof may be arched upward, and in the case of a tank 
buried below ground level there arc certain advantages to be secured 
in designing the bottom as an inverted ar(;h, giving increased storage 
capacity and more effectively resisting upward earth and hydrostatic 
pressures. Practice differs also in the design of the roof supports. 



STORAGE OF PETROLEUM 


520 


Concrete tanks are preferably placed below ground in order to secure 
the advantages of lower oil tcmpcratuaes, smaller evaporation losses and 
better protection against fire. The earth in this case may also give 
support to the walls, giving somewhat greater security in resisting oil 
pressure. The excavation cost is an added expense, however, which 
must be balanced against the advantages of underground location. 

Accepted practice appears to favor the circular form of tank, which is 
simpler in design and is less susceptible to tensile cracks resulting from 
stress and variable temperatures. One successful dcsi§|fier^ prefers to 



{After R. C. Hardman in Eng Newa-Record) 
Fig. 303. — Structural details and 
Koncral plan of 55,000-bhl. rein- 
forced concrete oil tank. 


(After R. C. Hardman lu Eng. News-Record), 
Fig. 304. — Illustrating nmnner of trans- 
porting concrete from mixing plant, 55,000- 
bhl. concrete oil tank. 


limit the siz(‘ to (;ai)acities not exceeding 7,200 bbl. (300,000 gal.), since 
it is difficult to construct larger tanks without interruption in the con- 
tinuity of operations, so essential to the sf'curing of a uniform structure 
without construction joints. However, this would seem to depend largely 
upon the resources in plant and personnc'l of the contractor undertaking 
the work. Many larger tanks have been successfully constructed (see 
Figs. 303 and 304). 


Impermeability of concrete against oil seepage aTid absorption is best secured by 
taking adequate precautions against the formation of cracks, and by selecting materials 
to produce a mixture of maximum density and minimum porosity. Fuller and 
Thompson* have suggested a method of determining the proper proportions of 
various sized ingredients to accomplish this. A mixture of 1 part of cement with 3 
parts of sand, parts of crushed rock and 9 * ' parts of 1-in. crushed rock, 

according to the principles established by Fuller and Thomiison, should theoretically 
give a mixture of maximum density. This mix has been successfully used in the 
bottom linings of some California reservoirs where the concrete could be thoroughly 

* The laws of proporl.ioning concrete, 7'rans., Am. Soc. Civil Eng., vol. 59, 
p. 07. 
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tamped. Most designers prefer a 1:1^* 3 concrete, in which the coarse aggregate 
will pass a 1-in. ring. The America^ Concrete Institute in its specifications for 
reinforced-concrete oil tanks recommends a concrete of these proportions. Occa- 
sionally, larger sizes of crushed rock in the coarse aggregate will be permitted, 2 in, 
and even 4 in. in some cases, but the desirability of using such coarse material is 
questionable. Hydrated lime to the extent of 10 per cent of the cement used is 
sometimes added to the mix, rendering the concrete more plastic, easier to work 
around the reinforcement and hastening the “set.'* It is claimed by some engineers 
that the use of so large an amount of hydrated lime is detrimental to the concrete, 
causing the fornijition of hair cracks, or even scaling of the outer coating of mortar; 
but the practice iV defended by some of our ablest designers. 

Care should b^aken to avoid an excess of water in mixing the concrete, as its 
strength is seriously affected thereby and there is a tendency, if a surplus is used, 
for the coarse aggregate to separate from the mortar during its transportation from 
the mixer to the forms. Sufficient water should be used, however, to produce a 
plastic, workable mixture which will flow sluggishly and which can be worked into 
the forms and around the reinforcement without leaving voids. 

It has been shown in experimental tests conducted by the U. S. Bureau of Stand- 
ards^® that properly proportioned and prepared concrete is practically impervious 
to all but the lighter oils. I?eei)age and absorption losses through concrete linings 
are found to be negligible for oils below 35° in Baum6 gravity. Losses of kerosene 
and gasoline in concrete containers, however, may be appreciable; and this type of 
storage is not to be recommended for the lighter crudes and distillates unless the 
concrete surfaces exposed to the oil are given an oil-proofing treatment. For this 
purpose, silicate of soda (water glass) of 4()°B{'*. density (Baum6 scale for liquids 
heavier than water) diluted with from 1 to 3 parts of water and applied in three 
coats at 24-hr. intervals, has been found effective, though it is not a permanent 
coating. Spar varnish thinned with 20 per cent of “volatile mineral spirits" (a 
petroleum distillate intermediate between commercial kerosene and gasoline), and 
applied under a pressure of 60 Ib. per square inch with a paint gun, is probably more 
effective. This preparation is also applied in three coats at 24-hr. intervals using 
approximately 1 gal. to each 200 sq. ft. in each coat.^^ For oil-proofing concrete 
fuel oil tanks, the Bureau of Yards and Docks of the IT. S. Navy Dejiartment specifies 
two coats of spar varnish or glutrin preceded by one coat of per cent solution of 
calcium fluo-silicate (about 1 gal. of the latter to each 100 sq. ft.). 

Petroleum apparently has no detrimental effect upon concrete once it has properly 
set and hardened; but some engineers do not consider it good practice to place oil 
in contact with concrete until it is 6 weeks old. If necessary to place the tank in 
service earlier than this, it is suggested that the inner walls be given a protective 
coating of one or another of the oil-proofing compounds mentioned above, so that 
hardening of the concrete may jiroceed Avithout danger of its being deprived of its 
moisture content. The necessity for this practice is questioned by some authorities. 

Design of Reinforced-concrete Tanks. — The tank must be designed to withstand 
not only the stresses imposed by 'the oil stored in it, but also those due to its own dead 
weight and to external pressures — such as earth pressure and hydrostatic ground water 
pressure against walls and bottom, the weight of the earth covering as well as possible 
snow and other live loads on the roof. Concentration of loads on walls and columns 
should be avoided as far as possible. 

In circumferential walls, the thickness of the concrete should be based on a tensile 
strength of not more than 150 lb. per square inch. Tliis allows for a small factor of 
safety, the ultimate strength being generally over 200 lb. per square inch'. It is 
diflicult to place and compact concrete effectively in a deep and narrow wall form. 
For this reason, even though unnecessary from the standpoint of design, a minimum 
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thickness of 8 in. at the top and 10 in. at the bottom is recommended for all 
walls. ^ 

For steel reinforcing, which preferably consists of round, deformed bars of medium 
steel, a maximum working stress of 10,000 lb. per square inch above ground, or 12,000 
lb. per square inch below ground, should be allowed.^ While the steel naturally 
carries a part of the stress imposed, the walls should be designed as though the con- 
crete were to carry the full load. If concrete in the walls is stressed beyond its ulti- 
mate strength, the walls will not fail because the load will be transferred to the steel 
reinforcement; but the tank will nevertheless fail to serve the purpose for which it 
was built, since cracks will develop and the structure will no longej/be secure against 
leakage. Reinforcement in the walls should be placed circij^erentially. The | 
floor and roof should be reinforced both circumferentially ancj^adially to provide 
against temperature and other stresses. Reinforcement laps should not be less than 
40 diameters at joints. 

Ordinarily, when the tank is full, the oil pressure on the inside is about twice as 
large as the active earth pressure on the outside. External hydrostatic pressure 
due to accumulated ground water back of the walls probably seldom exceeds 60 per 
cent of the theoretically possible hydrostatic pressure, but it seems preferable to 
assume that the full hydrostatic head may be exerted and allow the difference as a 
safety factor. It is apparent in the case of a tank buried in the earth that the walls 
may receive an unbalanced load from either the inside or the outside, so theoretically 
they should be reinforced on both the inner and outer faces. 

Roof columns in structures of this type do not present any unusual problems 
beyond those encountered in ordinary reinforced-concrete construction. They 
should, of course, be of ample cross-section to support the roof load, which can be 
readily calculated. The column footings should be monolithically constructed with 
the tank bottom, and should be of sufficient size to distribute the load adequately. 
The tops of the columns and walls should be tied to the roof by the reinforcing bars. 

Expansion joints are necessary when the structure is likely to be subjected to 
abnormal temperature stresses. They are particularly necessary where the vertical 
walls make contact with the roof, unless the reinforcing in the walls is designed to 
take care of any bending moment that may occur. In tanks plae('d above ground 
where elongation of the walls may occur as a result of both temperature and pressure, 
it may be necessary to provide an expansion joint at the base of the walls whore 
they connect with the bottom slab. This may be accomplished by building the 
walls on a suitable footing which is independent of the ffoor resting on it. Building 
paper or a strip of crimped metal plate may be inserted between the slab and wall- 
footing to reduce or prevent leakage at this point. 

If the foundations under the tank are partly filled and there is any possibility 
of settling, the bottom slab may be protected to some extent against cracking by 
reinforcing it with a rectangular grid of concrete, cast monolithically with the bottom 
slab. This construction was adopted in the case of a 55,000-bbl. concrete tank built 
for the U. S. government in the Panama Canal Zone'* (see Fig. 303). 

Flanges for suction piping, drains, manholes, gage hatches, etc., must be placed 
in the walls and roof during the depositing of the concrete and every precaution 
taken to prevent leakage of oil around such castings. Companion flanges should be 
used, one on either side of the wall, with a connecting nipple cast into the wall. Spaces 
of about ill- should be left between the flanges and the concrete, these spaces to 
be later calked with litharge and glycerin or other suitable oil-proofing material. 
It is also desirable to attach a ring to the nipple at its center, about 2 in. larger in 
diameter than the pipe. This ring is cast in the center of the wall and acts as a dam 
around the nipple, effective in reducing oil seepage which is apt to occur at this 
point. 
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Construction begins with the excavation and preparation of the foundations, 
which is adequately discussed elsewhere in this chapter in connection with foundations 
for steel tanks and excavations for concrete-lined reservoirs. 

Erection of the forms for the concrete is next in order. The forms should be of 
good material, planed to uniform thickness and width and, for walls, preferably 
tongued and grooved. The material should be carefully joined to insure smooth 
surfaces, and should be well braced so that no distortion during or subsequent to 
placing of the concrete is possible. In the case of circular walls, forms may be held 
in place by circumferential bands. The use of bolts or wires through the concrete 
to hold the reinlhrcing material in position, or to hold the inner and outer forms 
together, should ^ prohibited. The forms should be oiled or thoroughly wetted 
immediately befor^ilacing the concrete in them. 

The difficulty of placing and compacting concrete in deep, narrow wall forms 
may be avoided by the use of standardized forms built in movable sections that may 
be raised at 6-ft. intervals as the work proceeds; or the inside forms may be built 
complete, the inside studs and braces placed and the inside lagging nailed on strip by 
strip, in advance of the pouring operations. In the latter case, the concrete can be 
deposited in thin layers and carefully compacted and inspected as each layer is poured. 
The process is continuous, necessitating no interruption in raising the forms. How- 
ever, the forms should not be removed before the concrete has had time to proi)erly 
set and harden, otherwise deflection or actual failure of the work may result. Column 
and wall forms should remain undisturbed for at least 48 hr. after the concrete is 
poured, and roof forms at least 7 days. 

The reinforcing material should be accurately bent or curved to templates, care- 
fully placed and rigidly supported in their designed positions. 

The concrete mixing plant should be of adequate size and capable of continuous 
mixing so that no interru])tions in the i)ouring operations may occur. Conveyance of 
the mixed concrete from the mixer to its jdacc in the work should be by inclined chute 
if possible. Fig. 304 illustrates a convenient arrangement by means of which 
placing of the concrete may be accomplished with a minimum of labor and time.^® 
A semi-circular metal chute of somewhat greater length than the tank radius is carried 
at its lower end by a light ladder mounted on two wheels placed to travel circum- 
ferentially, and its upi)er end is supported by a light tower built at the center of the 
tank. The chute dumps directly into the circular wall forms, and the ladder con- 
struction makes it possible to carry the chute at any desired elevation. This revolv- 
ing chute is fed from a hoisting tower by means of a second stationary chute. 

Depositing of the concrete begins with the pouring of the floor and column foot- 
ings. In placing concrete in floors, it should not be allowed to stand with exposed 
vertical faces where the work is temporarily discontinued. The column footings are 
poured as a part of the floor. Concrete in the walls should be placed in layers of 
12 in. or more around the entire circmmfercnce, so that a monolithic structure will 
result. The piling up of concrete in the forms in such a manner as to permit escape 
of mortar from the coarser aggregates should not be permitted. Pouring of the roof 
colunms may follow construction of the walls, or may proceed simultaneously there- 
with. A C-hr. interval should be allowed between comidetion of the columns and 
pouring of the roof slabs. In all other parts of the work, no break of more than 
45 min. should occur during the pouring of any part of the structure. If the plac- 
ing of concrete is unavoidably interrupted, the previous surface should be rough- 
ened, washed clean and luted with a 1:1 mortar immediately before resuming pouring 
operations. 

The floor and roof should be brought to grade with a straight edge or strike 
board and troweled to a smooth surface as soon as possible after the concrete is 
deposited. As soon as the wall, column and roof forms are removed, any voids which 
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may appear as a result of improper placing and compacting of the concrete are care- 
fully roughened, cleaned, moistened, filled wi^^h a 1:1H mortar and troweled. Some 
engineers recommend that all exterior walls be painted with asphalt as soon as the 
wall forms are removed. 

After the forms and all waste material have been cleared away, the tank may be 
equipped with its swing pipe, ladders, manhole and vent covers, and is ready for ser- 
vice as soon as sufficient time has elapsed for the concrete to harden properly, unless 
it is considered necessary to oil-proof the interior surface as previously described. 


CONCRETE-LINED RESERVOIRS 

There is little real distinction which exists between the reinforced- 
concrete type of tank that has just been described, and the so-called 
concrete-lined reservoir. The term ‘Hank” is usually applied to con- 
tainers corresponding in capacity to the ordinary sizes of steel tanks, 
while the “reservoir,” in the ordinary meaning attached to the word, is a 
structure of much greater capacity. The chief distinction, perhaps, is 
one of design, the tank being designed with walls — generally vertical — • 
of sufficient thickness to withstand all stresses due to either internal or 
external loads, without outside support; while the concrete used in 
reservoirs is usually regarded primarily as an impervious lining for the 
earthen embankments. In the latter case the embankments support 
the concrete, which is relatively thin, and provided with just enough 
reinforcement to prevent cracking. The walls of the reservoir are 
generally sloping in order to give greater stability to the concrete and 
embankments under the weight imposed by the oil. The concrete tank 
may be, as far as the design is concerned, constructed above ground, while 
the reservoir must always be Ixdow the ground surface. 

General Features of Concrete-Uned Reservoirs. — The concrete-lined 
reservoir for the storage of petroleum, as developed and applied chiefly 
in California, consists usually of a circular or elliptical embankment 
having sloping sides, from 20 to 26 ft. in height, the entire inner slope 
of the embankment and the level area enclosed by it being paved with 
a layer of concrete, suitably reinforced, and from 2 to 4 in. in thickness. 
Diameters are occasionally as great as 500 ft., the paved area being in 
excess of 310,000 sq. ft. Cai)acitics commonly range from 500,000 to 
1,000,000 bbl. One California reservoir is elliptical in form, 785 ft. long, 
467 ft. wide and 23 ft. deep. It covers 9}^ acres of ground and provides 
storage for 1,045,500 bbl. of crude petroleum. One recently constructed 
(1923) reservoir has a capacity of 2,500,000 bbl^ The embankment which 
encloses the reservoir is partly developed by excavation of the depression 
forming the bottom, and is partly built up of loose material derived from 
the excavation. The bottom of the reservoir is thus below the original 
ground level surface, while the top of the embankment is some distance 
above. 
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A low conical roof is provided, supported partly on posts resting on 
the floor of the reservoir and partly on sills placed in the top of the em- 
bankment. Drains and gutters of adequate proportions conduct rainfall 
from the roof and over the sides of the embankment. Oil is led into and 
out of the reservoir through metal pipes of large size, penetrating the 
embankment at about the level of the reservoir bottom. On the inside 
of the reservoir these pipes terminate in swing pipes by means of which 
oil may be drained from any desired level. Stairways are provided both 
on the inner ayud outer slopes of the embankment for ready access. 
Winches contro^sng the swing pipes, and hatches for ventilation and 
gaging purposes, are placed on the roof. 

Reinforced -concrete Reservoir Construction. Drainage . — The character of the 
soil is particularly important in the selection of a reservoir site, it being essential 
that water be excluded as far as possible from the embankments. Concrete reservoirs 
for the storage of oil arc not designed to withstand more than moderate earth pressure 
and hydrostatic pressure from without, and consequently no site should be selected 
which does not lend itself to thorough drainage. Water under pressure back of the 
walls or under the bottom of the concrete lining may cause the concrete to crack 
when the reservoir is empty. Furthermore, water flowing through the embankment 
may wash the earth away, leaving the concrete without adequate support. If porous, 
sandy strata or gravel are encountered during the progress of the excavation, they 
should be removed to a depth of several feet below the subgrade, and the excavation 
then refilled to grade with carefully tamped clay or other imi)ervious material. The 
use of drain pipes in the embankments has been proposed, but will not be necessary 
if the site is chosen with due regard to the securing of good natural drainage. 

Earthwork.^ — The site selected for the reservoir must first be cleared of all vege- 
tation, an ordinary road grader being employed to loosen the earth down to the grass 
roots, after trees, stumps, large roots and brush have been removed. Plows then 
loosen the underlying material which is removed with scrapers, alternately plowing 
and scraping, layer by layer, until the suhgrade is reached. The bottom is plowed 
to a depth of about 1 ft. below the finished grade, carefully leveled by harrowing or 
by dragging heavy planks over the loosened material, then sprinkled with water 
and rolled with a steam roller. The floor of the reservoir is given a slight slope toward 
a depression called the ^‘swing pit," near one side of the bottom, into which the 
inlet and outlet pii)es are led. 

The walls are either excavated from material in place, or must be built up with 
earth excavated from the bottom or from borrow pits in the vicinity. If the material 
is in place and earth must be excavated from the side slopes, a narrow cut is first 
made to final depth around the ouier edge, leaving four inclines at quarter points 
on the circumference for access to the bottom of the reservoir. The material on the 
slopes is then removed by plowing and scraping, until the bottom of the cut is reached, 
care being taken to maintain the desired slope of the embankment. The final slope 
is then plowed below subgrade, sprinkled and compacted with the aid of a petrolithic 
roller. 

If the embankment must be built of loose material, excavated from the bottom 
of the reservoir or from near-by borrow pits, scrapers will be used in placing it. The 
embankment is built up in horizontal layers, each layer being moistened with water 
and compacted with the petrolithic roller before the next successive layer is placed. 
The work of placing the material and compacting it can proceed simultaneously, the 
embankment being divided into sections and the two processes of rolling and filling 
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on the different sections are alternated. The top and sides of the embankment are 
filled and rolled to form a surface several incjies above the proposed finished slope, 
and the material is subsequently scraped off to form a well-compacted surface. Small 
boards placed radially in the embankment, flush with the desired finished surface, 
may be used as guides in trimming the slope. Trimming of the slope between the 
guides is conveniently accomplished by the use of a screed board which spans the 
interval between slope guides. The outside slope of the embankment is thoroughly 
sprinkled with oil to waterproof the material and prevent the growth of vegetation. 
The slope should bo re oiled two or throe times each year if this is to be effectively 
accomplished. 


1 /^ 



{After C, P. Bowie in U. S. li. Mines Bull 155 ). 
KitJ. 305. — ExcavjitinK for large oil Htorage reservoir. 


When the embankment is comiileted and the bottom and slopes are compacted 
and dressed to final grade, excavations are then made for the concrete pillar footings 
which support the roof posts. An excavation in the floor 4 ft. wide and 4 in. deep is 
also made at the foot of the inner slope around the entire reservoir, the function of 
which is to provide a footing for the slope paving. 

Roofing. — Construction of the roof and roof supports should preferably precede 
the pouring of the concrete lining.^ Since no expansion joints are provided in the 
concrete paving, it is advisable to take every precaution against the development of 
shrinkage or expansion cracks, which may result from extreme variations in tem- 
perature. The roof serves to maintain more uniform temperature conditions within 
the reservoir, resulting in a denser, better cured and more homogeneous concrete. 

The post footings must first be poured in the form illustrated in Fig. 306. A 
metal pin is set in the center of the concrete footing, projecting 3 in. above its upper 
surface. The purpose of this dowel pin is to hold the post in position, a hole of 
suitable size and depth being bored in the center of the bottom of each post to con- 
tain the part of the pin which projects above the concrete footing. 

The posts supporting the roof are 6 by 6 in. in cross-section and support on their 
upper ends, 4- by 14-in. knee-braced girders. The posts being arranged at intervals 
around the circumference of concentric circles (see Fig. 306) the girders become 
chords of these circles and provide points of support for the 2- by 8-in. rafters which 
are placed along radial lines of the same circles. Tlie outer row of rafters rests on 
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2- by 12-in. redwood mud sills placed near the inner edge of the top of the embank- 
ment. The roof sheathing is of 1- by ^-in. material, surfaced on one side, of assorted 
lengths to break joints, and is covered with a layer of three-ply, graveled, asphaltic 
roofing paper. An asbestos-coated metallic sheathing has been successfully used in 
recent installations, instead of wooden sheathing and roofing paper. The outer 
10 ft. of sheathing, around the circumference of the reservoir, is not placed in posi- 
tion until after the concrete for the slopes has been poured. 
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the bottom to 2 or 3 in. on the upper slopes of the embankment. The pavement is 
monolithic, no expansion joints being provided. 

The concrete is mixed in one or more fnechanical mixers located just outside 
of or on the top of the reservoir embankment, and is carried to its position in the 
work by suitably placed elevators, inclined chutes and concrete buggies. For con- 
venience, the concrete may be transported to various points on the top of the embank- 
ment by means of a car operating on a track which encircles the rim. From this 
car the material may be discharged into inclined chutes on the inner slope, which 
cajry it to its position in the embankment or to concrete buggies which distribute it 
over the floor (see Fig. 807). 



(-4/fer C. J*. Bov'ic in U. S B Mines Bull. 155). 

Fig. 307. — Illustrating nianrior of proparing floor slab and roof column footings in a 

largo oil storage reservoir. 

The reinforcing material consists of 4- by 4-in. or of 6- by G-in. mesh of No. 6 
gage wire, and is spread over the area to be surfaced before any concrete is poured. 
The reinforcement is in strips usually about 7 ft. wide and 240 ft. long, and is laid 
circumferentially on the slopes — over the entire inner surface of the sides and bottom. 
The strips are lapped one mesh at the joints and are securely wired together. As 
the' concrete is poured, the reinforcement is pulled up until it occupies the approxi- 
mate center of the concrete slab. 

In concreting the floor, work begins at the swing pit and proceeds until the entire 
bottom is poured. Header boards are placed 12 ft. apart and the 12-ft. strips are 
poured alternately, tamped and given a trowel finish. On the slopes, which are 
also laid in 12-ft. strips, the placing of the concrete begins at the top and proceeds 
down the embankment until the bottom is reached. A stiffer mix is used on the 
slopes than is used on the bottom, since thin concrete will tend to flow down the 
embankment to some extent before it takes its final set. A concrete mixture that 
is too thick to flow readily on the slopes will not tak(^ a very smooth finish, and some 
specifications call for a thin 1 : 2 grout surface spread with a trowel on the concreted 
slopes. 

The suction and inlet pipes and water drains are imbedded in a slab of concrete 
at the point where they pass through the embankment. Precautions are taken to 
have the concrete slab of adequate thickness to prevent leakage of oil at this point. 
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This and the junction of the slopes with the floor constitute the weak points in the 
ordinary type of reservoir. The latter point is strengthened against possible expan- 
sion cracks by thickening the concrete flooring to 7 in. for a width of 4 ft. around 
the entire periphery of the bottom. 

Cost of large concrete-lined oil storage reservoirs, of the type 
described above, at Bakersfield, Cal., in 1914, ranged from 10 to 13 
cts. per barrel of capacity.^ On a basis of 11 cts., the cost would be dis- 
tributed approximately as follows: cost of earthwork, 3.5 cts.; cost of 
roof, 3 cts.; cost of concrete lining, 4.5 cts.; total cost, 11 cts. 

The following unit costs, based on actual performance in the case of 
two 750,000-bbl. reservoirs, are of interest:* 


Earthwork: 

Excavating for embankment, per yard $ .220 

Lining inner slopes with selected material, per yard . .. .510 

Finishing floor, per square foot 005 

Excavating for pier footings, trenches, etc., per yard ... .700 

Trimming slopes, per square foot . . . .120 

Roof: 

Hauling lumber from railroad (3^ mile), per M ... 1.190 

Framing lumber for roof, per M . . . .1 600 

Erecting roof, per M . . . 3 . 800 

Sawing sheathing, per M 1 350 

Laying roofing paper, per square ... .120 

Hauling roofing gravel from railroad {}4 mile), per ton 250 

Placing asphalt and gravel coating, per square 320 

Concrete lining: 

Hauling cement from railroad mile), per ton 540 

Hauling sand from creek bed (2 miles), per yard . . .860 

Hauling rock from railroad (3'2 mile), per yard .500 

Laying reinforcing metal on slopes, per square^ ... 160 

Laying reinforcing metal on floor, per square . . 080 

Pouring concrete piers, per yard .... . 4 . 630 

Pouring concrete floor, per yard 2 510 

Pouring concrete on slopes, per yard 3 460 


Use of the Cement Gun in Reservoir and Tank Construction. — It has 

been demonstrated on a large scale in many instances that cement- 
sand-water mixtures may be successfully used in the building of tanks 
and in the lining of reservoirs with the aid of the cement gun, a device 
which applies the concrete a« a spray, using compressed air as the spraying 
agent. Mixtures containing as much as 3 parts of sand to 1 part of 
cement can be successfully used in this way. The resulting concrete is 
hard, dense, impermeable to water and oil, and is as strong as concrete 
construction of the ordinary sort if properly applied. 

* These figures are based on the following wage rates per day of 9 hr. : laborers, 
$2.50; carpenters, $3.50; concrete laborers, $2.75; concrete finishers, $4.50; foremen, 
$6. The soil on the reservoir site was a light sandy clay. 
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‘^Gunite” walls and slabs as thick as 
6 in. have been successfully constructed, 
but the method finds its greatest useful- 
ness in the lining of reservoirs and in 
oil -proofing or waterproofing porous 
materials. Vertical walls may be con- 
structed by this method without the use 
of forms. The steel reinforcement is first 
erected in the form of the structure desired, 
with the required amount of spiral rein- 
forcing material (with hooked ends) securely 
fastened in place. Over this frame is 
placed a heavy wire netting of triangular 
mesh which serves chiefly to hold the con- 
crete in place while setting, but also forms 
additional reinforcement. When this steel 
structure is erected, heavy canvas or duck- 
ing is stretched over the outside and upon 
this (working from the interior) a layer of 
concrete from 1 to IJ^ in. in thickness is 
applied by means of the cement gun. When 
this layer has set for a short time, the 
canvas is removed and additional layers 
of concrete are applied both from the 
interior and exterior. In this way, the 
walls are built up to the desired thickness, 
and since each layer is applied before the 
previous one has set, the result is a 
thoroughly homogeneous concrete mass. 
The roof is built in the same manner. 
All outer surfaces arc given a float finish. 
A reservoir constructed by the Anaconda 
Copper Company in 1917 is lined entirely 
with gunite and without the use of any 
stone. The bottom of this reservoir is 6 
in. thick and is doubly reinforced with 
triangular wire mesh. 

The cement gun would apparently offer 
a convenient and inexpensive means of 
constructing a light concrete roof over an 
oil reservoir or tank, the main walls and 
bottom of which perhaps can be more 
economically constructed by other methods. 
Such a roof could be made gas-tight and 



Fig. 308. — General view of large oil storage reservoir during construction. 
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fireproof, and would have a further advantage over the wooden or steel 
type of roof in assuring lower oil temperatures. 

Earthen Reservoirs 

It occasionally happens that the ^‘bringing in’^ of an unexpectedly 
prolific well creates a demand for oil storage facilities that the operator is 
qufiiS ' tillable tQ meet by the usual means. Perhaps it is a pioneer well 
in a new field, tfiat comes in as a “gusher,” out of control, and a large 



Fig. 309. — A large earthen reservoir for oil .storage, Sunset Field, California. 


volume of oil is flowing from the well without adequate tankage being 
available to care for it. In such a case, earthen reservoirs may be con- 
structed as temporary jilaces of storage until tankage can be provided 
(see Fig. 309). 

The usual method of constructing such a reservoir is to excavate with 
plows and scrapers to a depth of a few feet over a large area, piling the 
earth so removed around the edge of the excavation to form an embank- 
ment which further increases its depth. If there is time, the bottom and 
walls of the reservoir may be lined with clay and rolled. Such a reservoir 
must of necessity conform -more or less to the topography of the site 
selected, sometimes being long and narrow, or perhaps square or circular 
if the ground is level. Occasionally, a dam will be built across some 
natural watercourse, which causes the oil to accumulate over a wide area 
behind it. 

One corner or end of such a reservoir should always be lower than the 
others, and the bottom should be sloped toward the low spot so that the 
reservoir may be completely drained when desired. In order to reduce 
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seepage losses, which must necessarily be serious in a reservoir of this 
character, care should be ex(^rcised iij choosing the site to avoid sandy 
soils, selecting rather a compact soil with considerable clay if possible. 
Since such a reservoir is usually of a temporary character, it is seldom 
advisable to roof it over. The exposed surface being relatively large in 
proportion to the volume of oil stored, evaporation losses will be exces- 
sive. Ground water should be kept out of the reservoir as far as possible 
by digging trenches around it on the upper slopes. Tl^ accumulation 
of a certain amount of ground water and rain water wil|f be unavoidable, 
however — particularly if the reservoir site is traver sed by a natural* 
watercourse — and the water from these sources will tend to accumulate 
in the lower corner or end of the reservoir from whence it must be 
occasionally drained by properly placed pipes. 

Pump suction piping connecting with a pipe line transportation 
system must be eventually provided, and pipes of adequate size for this 
purpose, equipped with suitable valves, must be carried through the 
lowest corner of the embankment when the reservoir is constructed. 

Fire Prevention and Control in Oil Storage Tanks and Reservoirs 

In securing protection against fire, it is important not only to provide 
apparatus for fire control, but also to adopt such methods of construction 
and design and such precautionary measures as will prevent fires (see 
Fig. 310). The advantages of gas-tight roof construction for oil storage 
tanks have already been discussed. Gas explosions, or transmission 
of flame to the oil surface by burning gas is the immediate cause of practi- 
cally all oil tank fires; hence, if the gas can be absolutely confined within 
the tank, without admixture with air, fires will be largely prevented. 
Water-top tanks and other forms of gas-tight roof construction are 
important developments in this direction. If the tank roof can be made 
moderately secure against leakage, an open 4-in. pipe penetrating the 
roof may carry the oil vapors to a safe distances from the tank. Circular 
earthen dikes and firewalls about storage tanks are customarily provided 
to prevent spreading of fires from one tank of a group to others (sec Fig. 
290). Tanks must be widely spaced (at least 600 ft. between centers) 
to further minimize this risk. Naked lights and electric wiring should 
not be permitted in the vicinity of an oil storage tank, and smoking 
should be prohibited. 

Many tank fires are occasioned by lightning and static discharges, 
and to guard against this menace the tank roof and shell must be electri- 
cally grounded. The tank roof should be electrically bonded to the 
shell plates by two heavy wires running from the apex of the roof to the 
side plates below the top flange, and the shell may be effectively grounded 
by making electrical connections with two 1-in. pipes placed 180 deg. 
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apart on the tankas circumference, and embedded in moist charcoal or 
driven to permanently moist subsoil. 

Steam, which has been so effectively used in extinguishing many oil 
and gas well fires, has also been widely employed in combating tank fires. 
If the tank roof is moderately secure against gas leakage, live steam 
forced into the air space above the oil will rapidly smother a fire at the 
oil surface. In cases where the fire is initiated by an explosion which 
wrecks or partially wrecks the tank roof, the steam cannot be confined, 
and is so rapidly vaporized by the flame that it becomes ineffective. 



Fig. 310. — An oil tank fire. 

The most reliable method yet devised for extinguishing tank fires 
involves rapid application of a carbonic acid froth over the oil surface, 
which blankets the oil, preventing contact with air and depriving the 
flames of oxygen to support combustion. Mixture of a solution contain- 
ing any soluble acid salt with a solution of bicarbonate of soda will liberate 
carbonic acid gas, but to form a semi-permanent froth that will withstand 
the heat of the flame, glue, glucose or other viscous materials must be 
used in one of the two solutions. Most of these organic froth-forming 


STORAGE OF PETROLEUM 


543 


substances are subject to bacterial decomposition unless preservatives 
are used. One of the most successful froth-forming agents for this 
purpose is a concentrated licorice extract, patented and marketed under 
the name of ^^Firefoam/^* This preparation is unaffected by tempera- 
ture changes, and is not subject to bacterial decomposition. The follow- 
ing formulas involving the use of this substance are widely used : 

Acid Solution Carbonate Solution 


Pj2it Cent • Per Cent 

Aluminum sulphate . . 13 Sodium bicarbona^/a 8 

Water. .87 Foamite or fire ^'oam 3 * 

Water f 89 


Equal volumes of these solutions, properly mixed, will produce from six 
to eight times their combined volumes of foam which on being applied to 
a burning oil surface expands and spreads rapidly until the entire surface 
of the tank is covered. The froth, furthermore, is resistant to heat and 
will last several hours, or until the oil and tank metal has had time to 
cool below the danger point. 

In the application of this system of fire protection, the acid and carbon- 
ate solutions are kept in tanks ready for use, and a parallel system of 
piping with suitable valve control conducts them separately to each oil 
storage tank. In time of fire, a high-pressure twin-duplex pump, steam- 
or motor-driven, serves to force the solutions rapidly through the piping 
to any tank of the group. The two lines to each tank terminate in a 
mixing chamber hung on the upper edge of the tank shell, discharg- 
ing froth into the tank at the level of the roof flange. The piping 
system must be designed for prompt control, and the pump must be 
ready for instant service. The froth-forming solutions must be available 
in ample quantity, and should be tested occasionally to determine whether 
or not they arc in condition for efficient use. For each 55,000-bbl. tank, 
the system should be capable of delivering 535 gal. of each of the two 
solutions per minute; for a 10,()00-bbl. tank, 110 gal. per minute; and for 
a 1,600-bbl. tank, 50-gal. per minute. The quantity of chemical solution 
necessary to maintain in storage will depend upon the number and size 
of the tanks to be protected, but there should be sufficient to continue 
delivery at the above rate, for at least 5 min. Where a group of tanks 
must be protected, as in a tank farm, the froth-forming solutions should 
be stored in sufficient quantity to combat fires in several different tanks 
simultaneously. Precautions must be taken against freezing of the 
foam-forming solutions in cold weather; but on the other hand, if steam 
coils are used to prevent this, excessive heating should be avoided, since 
it results in the bicarbonate solution changing over, in part, to the normal 
carbonate, which is less active in its foam-forming properties. 

* Manufactured by Foainite-Childs Corporation, Utica, N. Y. 
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TRANSPORTATION OF PETROLEUM, 

I 

Methods of Transporting Petroleum and Their Relative Economic * 
Importance. — The transportation of petroleum and piStroleum products 
may be accomplished either in bulk or in special containers, such as 
barrels, drums or cans. The latter arc never used in the handling of 
crude petroleum, however, so that the producer is interested primarily 
in bulk transportation. 

While the railroad tank car, the inland river and lake barge, the 
ocean-going tank ship and the motor truck share to some extent in the 
business of transporting crude petroleum, })y far the most important 
factor in modern petroleum transportation is the oil pipe line. About 
90 per cent of America’s domestic crude petroleum production is passed 
through pipe lines on its way from the producing fields to the refineries 
or the marketing centers. There is a general belief that pipe line trans- 
portation is confined to (*>rudc petroleum, but this is not necessarily the 
case. There is a pipe line which now transports refined oil from refineries 
in west Pennsylvania to the Atlantic seaboard. That its total movement 
is substantial is indicated by the fact that one company reports receipts 
through this line amounting to 40,000 tons per month. The further 
application of pipe line transportation to the problem of moving refined 
oils from interior refineries is not beyond the possibilities of the future. 

Water transportation of oil in tank ships ranks second in economic 
importance as an element in pcdToleum transportation. From an inter- 
national point of view, this method of transportation would rank 
first. In addition to a large domestic coastal movement, all of our 
foreign trade, aggregating in both imports and exports more than 200 
million bbl. per year (1922), is conducted in ^Hankers.” Much of our 
inland distribution of petroleum is facilitated by the use of small barges, 
operating on the larger rivers, canals and lakes. 

The railroad tank car ranks third in importance as a bulk carrier. In 
1920, 9.3 per cent of our domestic production of crude petroleum was 
moved by tank cars. The railroad ranks first in the United States as a 
carrier of refined petroleum products, carrying in 1920 more than 51 
per cent of the refined products that went into domestic consumption. 

Since the oil pipe line is by far the most important method of accom- 
plishing bulk transportation, particularly from the point of view of the 
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producer with whose interests we are chiefly concerned, the greater part 
of the space available in this chaptiT will be devoted to the transportation 
of petroleum by this method. 

Historical Development of the Oil Pipe Line.-^The transportation of 
crude petroleum through pipes was first accomplished in the Oil Creek 
district of Pennsylvania in 1865. Prior to this time petroleum had been 
transported at great cost in barrels with the aid of wagons, carts and 
small boats aitd barges. While entirely successful, the pipe line was 
^ only used duriiig the early years of its development in transporting oil 
from the wells to ^ear-by railroads, long-distance transport being accom- 
plished by means of the railroad tank car. Later, when the oil industry 
was freed to some extent from the dominating influence of the railroads, 
trunk pipe lines were constructed, connecting the Pennsylvania fields 
with the Atlantic seaboard. The success of these early lines and the 
marked decrease in transportation cost effected by them, in comparison 
with railroad transportation, brought about the universal acceptance 
of the pipe line as a transportation medium, in preference to all other 
methods. Thereafter, one of the first considerations of the interests 
in charge of the development of a new field has always been the provi- 
sion of pipe line facilities of adequate capacity to carry the product to a 
refining center or other distributing point. 

The discovery of new oil fields in many widely scattered regions of the 
United States, and the necessity for distributing petroleum among many 
of the more important industrial centers of the country, have brought 
about the gradual development of a system of main trunk pipe lines (of 
6-in. diameter or larger — mostly 8-in.), which in 1921 aggregated more 
than 50,000 miles in length. In addition to these main arteries there 
are about 12,000 miles of smaller sized laterals and gathering lines, 
operated as an integral and essential part of the entire system. 

It is estimated that the movement of petroleum through these pipe 
line systems aggregated 100,000,000 ton-miles daily during 1920. 
The railroads of the United States moved a total of approximately 
1,000,000,000 ton-miles of freight daily during the same year. 

Oil is transported by pipe line at the present time from the mid-conti- 
nental fields of Oklahoma and Texas to the Atlantic seaboard in New 
Jersey, a distance of more than 1,500 miles. Chicago, New York harbor, 
Philadelphia, Galveston, Baton Rouge, Port Arthur and other Lake, 
Atlantic and Gulf ports, important refining and distributing centers for 
Appalachian and mid-continental petroleum, are connected by pipe 
lines with the producing fields. In California and the Rocky Mountain 
states of Wyoming and Montana there have been developed smaller 
isolated pipe line systems. California's oil pipe line system aggregated, 
in 1921, about 3,000 miles of trunk pipe of 6-in. size or larger, every field 
in the state being provided with pipe lines terminating at one or another 
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of the several Pacific ports where most of the oil is refined and distributed 
to the foreign and domestic trade. ♦ 

While by far the greater part of the world^s oil pipe line mileage is 
located within the United States, there are a few notable pipe lines in 
other parts of the world. One of these, an 8-in. line connecting the Baku 
oil fields of Russia with the Black Sea port of Batoum, traverses a 
distance of 550 miles through one of the most rugged regions of eastern 
Europe. Until the completion of the Panama Canal, an* 8-in. line was 
engaged in transporting oil between Panama and Colon. Though the • 
Mexican fields are comparatively near the coast poi^s, through which 
practically all of the Mexican product passes on its way to American 
and European markets, a considerable mileage of trunk pipe lines has 
already been constructed by the oil companies operating in that region. 

Pipe line transportation of the comparatively non-viscous oils of the 
Appalachian region presented little or no difficulty, moderate pressures 
or even gravity flow methods being adequate for the purpose; but with 
the development of the San Joaquin Valley fields of California, producing 
heavy viscous oils in great abundance, a new problem was presented. The 
oil from these fields was found to be so viscous that it was impossible 
with Pennsylvania methods to operate a pipe line at any reasonable 
capacity. Pipe line engineers dealing with the problem early conceived 
the idea of heating the oil at each pumping station to reduce its viscosity, 
a practice which led to the development of the ‘‘hot oiF^ system of 
pumping. In 1903 the first California hot-oil line was completed, a line 
about 300 miles long, with pumping stations spaced about 24 miles 
apart. The line was not an operating success, however, until the number 
of pumping stations had been doubled and their distance apart reduced 
to 12 miles. So successful has this method since proved that it is now 
used exclusively wherever heavy viscous oils are to be moved. 

Typical practice in hot-oil pumping involves the use of 4, 6, 8, 10 or 
12-in. pipe, with pumping stations spaced apart at distances ranging 
from 11 to 30 miles, depending upon the viscosity of the oil and its ten- 
dency to cool. Powerful pumps develop oil pressures ranging as high as 
800 lb. per square inch. Initial temperatures at each pumping station 
range from 120 to 180° F., and receiving temperatures from 60 to 120° F. 
The capacity of an 8-in. line, the size most commonly used, operating 
under normal conditions, ranges from 15,000 to 25,000 bbl. per 24 hr. 

In the search for a method of pumping that would avoid the expensive 
process of heating the California oil, and that would make possible the 
operation of a pipe line with a smaller number of pumping stations, a 
plan was developed which led, in 1907, to the building of the “rifled” 
pipe line.® This line is 282 miles in length, constructed of 8-in. pipe, in 
the periphery of which a long spiral groove was indented prior to coupling, 
with the aid of a specially developed machine. Pumping stations were 
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placed 23 miles apart. Oil with 10 per cent of water, injected into this 
pipe under high pressure, assumes ^ander the influence of the spiral groov- 
ing of the pipe, a rapid rotation. This rotation, through the action of 
centrifugal force, results in most of the water following the perimeter of 
the pipe, while the oil flows through this cylinder of water, scarcely making 
contact with the metallic walls of the pipe. The friction of oil on water, 
thus substituted for the viscous drag of oil on metal, resulted in an 
increase in capacity of an 8-in. line carrying 14° California crude, from 
« 2,000 bbl. per Aay to 24,000 bbl. The oil was not heated. While the 
rifled pipe line war regarded in its day as a success from every point of 
view, the transportation of 1 bbl. of worthless water with each 9 bbl. of 
oil, with the necessary provision of special tanks and pumps to handle 
the water at each pumping station, proved expensive. Furthermore, 
the water had a tendency to form emulsions with the oil during trans- 
mission, necessitating dehydration of large volumes of oil at the terminal 
of the line. The rifled pipe line of California, the only one of its kind 
ever built, is now operated as a hot-oil line. 


Flow of Oil through Pipes, Theoretical (considerations 

Early attempts at pipe line design, while based on generally accepted 
hydraulic theory, were found to be in error because the formulas in use 
contained no variable to express the influence of viscosity. Indeed, it 
is only within comparatively recent years that the laws of viscous and 
turbulent flow have been properly understood and evaluated, and mathe- 
matical expressions for them developed. Having nothing more than 
empirical formulas of doubtful value, and data from preexisting lines on 
which to base new designs, engineers have naturally been reluctant to 
diverge to any great extent from established practice. In most of the 
pipe lines and pumping stations now in use, there is a remarkable unifor- 
mity in design that is undoubtedly an expression of the uncertainty and 
unreliability of the empirical formulas which for many years the engineer 
was compelled to use. 

When oil is pumped through a pipe, its transmission is opposed by 
frictional resistance to flaw which is a product of two factors. The first 
of these is the frictional resistance developed between the inner wall of 
the pipe and the outer cylinder of oil making contact therewith. The 
second is due to the internal resistance to movement of the oil itself, the 
fluid friction resulting from many oil surfaces sliding over each other 
throughout the entire cross-section of the pipe. Viscosity is a measure 
of this internal resistance of a fluid, by which it opposes movement of its 
parts with respect to each other. The magnitude of the resistance 
offered by these frictional forces will depend upon the length of the pipe 
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through which the oil is pumped, the velocity of flow, the condition of the 
pipe's inner surface and the viscosity of the oil. The latter property 
will vary within wide limits with changes in temperature of the oil. In 
addition to frictional resistance, if the oil must be pumped to a higher 
elevation than its source, energy must be expended in lifting the oil. 
The elements of this latter phase of the problem include the height of lift, 
the density of the oil and the rate of flow. 

The motivating agent enabling the oil to overcome these several 
resistances to flow is the pump, which imparts a certain initial pressure to 
the oil, by virtue of which it moves through the pipe, overcoming the# 
resistance interposed, until the pump pressure is entirely consumed. If 
flow is to continue, the oil must then be given new impetus by passing it 
through a second pump. The pressure loss per unit length of pipe is 
seen to be a quantity of prime importance in all pipe line calculations. 
Knowing this for a given set of conditions, it will be possible to calculate 
the distance through which oil may be transmitted with a given initial 
pressure ; or the necessary initial pressure to acc^ornplish transmission over 
a given distance may be determined. 

Viscous Flow. — Oil tends to adhere to any metal surface with which 
it may come in contact. Because of this tendemey, when oil flows through 
a pipe, a cylindrical oil film forms on the inner surface of the pipe. At 
low speeds of oil flow within the pipe, this outer film is supposed to be 
almost stationary because of the adhesive force exerted between the metal 
and oil surfaces. Within this stationary or slow-mo\ ing cylindrical film 
of liquid, slides another liquid cylinder, also at a relatively slow speed 
because of its contact with the outer stationary film. Within this second 
cylinder slides a third at somewhat higher velocity; witbui that, another 
moving still faster, and so on, until at the c(intcr of the pipe, the maximum 
velocity is reached. If we represent these cylindrical films by lines drawn 
in the axial cross-section of the pipe, and indicate their respective veloci- 
ties by arrows drawn to scale, we obtain the result indicated in Fig. 311. 
The line connecting the points of these arrows is seen to develop a curve 
of sharp hyperbolic form.'^ The general form of this curve for any given 
pipe depends chiefly upon the quantity of oil flowing. It will have prac- 
tically the same shape regardless of the condition of the inside surface 
of the pipe or the viscosity of the oil. The average velocity throughout 
the cross-section of the pipe will be about half that of an oil particle at the 
center. 

As long as this simple orderly condition of affairs exists within a pipe, 
the computation of pressure loss is a comparatively easy matter. It 
varies directly with the speed. In other words, with “viscous flow," as 
this orderly type of flow is called, if wc double the pressure which we apply 
at one end of a level pipe line, the oil will flow through the line twice as 
fast and we can get twice as much through in a given time. 
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Critical Velocity and Turbulent Flow. — As the flow velocity increases, 
however, it is found that the orderly system of flow just described is no 
longer followed. Eventually a spWd known as the ''critical velocity'^ 
is reached, where "turbulent flow” supercedes viscous flow — the cylindri- 
cal oil films, unable to slide rapidly enough upon each other, are turned 
inside out upon themselves, and a confused, eddying, swirling movement 
of liquid particles results^ (see Fig. 312). Probably the rough interior 
surface of the pipe is largely instrumental in inducing turbulence. The 
net result is a tendency to equalize the velocity throughout the pipe so 
'that an axial cross-section shows a curve of rather blunted appearance. 



(After Standard Oil (California) ** Bulletin**). 
Fiq. 311. — Illustrating viscous flow. 
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(After Standard Oil (California) ** Bulletin**). 
Fig. 312. — Illustrating turbulent flow. 


When the critical velocity is reached, certain very definite indications 
are in evidence. The most noticeable indication is that a considerable 
increase in pipe line pressure does not result in a corresponding increase 
in the rate of flow. In other words, this eddying or swirling motion, which 
we have called turbulence, results in serious loss of energy; that is, the 
internal resistance of the liquid to movement is increased. Much of 
the initial pressure imparted to the oil by the pump is used up in restoring 
energy to particles that have been stopped by collision, and as a result a 
given initial pressure can force much less oil through the line than it could 
if the flow were non-turbulent. The energy of motion possessed by any 
flowing particle of oil varies with the square of its velocity. Hence the 
energy consumed in restoring velocity to particles which have been 
stopped during turbulent flow, depends on the square of their velocity. 
In other words, if resistance due to turbulence were the only resistance 
to overcome in forcing liquids through pipes, doubling any given rate 
of flow would require four times the pressure. 

Flow Calculations. — It is well established as the result of a number of independent 
investigations, that Poiseuille's formula holds for viscous flow conditions. Expressed 
in convenient engineering units, this formula is as follows:^* 

.000668 ZLF .. 

^ m S ^ ^ 

in which P is the pressure drop in pounds per square inch; Z is the absolute viscosity of 
the oil in centipoises (relative to water at 68°F.); L is the length of the pipe in feet; 
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V is the average linear velocity of flow through the pipe in feet per second; S is the 
specific gravity of the oil; and D is the inside diameter of the pipe in inches. 

A formula commonly used for turbuleni flow computations is that of Fanning,^* 
which may be expressed in either of the following two forms: 


P = 


.323 fLSV^ 
D ~ 

.0538 /L^Q2 
i)6 


( 2 ) 

( 3 ) 


In these formulas, P, S, L, V and D have the same significance as in Poiseuille’s 
formula given above. Q is the flow in U. S. gallons per minute; and / is a friction 


DVS 


J Z 


factor which is a function of the ratio of ^ • It appears ijiat if / = .00207 



Fig. 


{After Wilson, McAdams and Seltzer in Jour. Ind. A Eng. Chemistry). 

313. — Graphs giving friction coefficients for use in calculating flow of fluids through 

pipes. 


Fanning’s equation becomes identical with that of Poiseuille. It is therefore possible, 
by selecting proper values for /, to use Fanning’^ equation for calculations in both 
viscous and turbulent flow. Furthermore, since all fluids obey the same laws, these 
equations are applicable to computations of flow of other liquids than oil, as well as 
to gas flow. 

As a result of a series of experiments conducted by the National Physical Labo- 
ratory of Ijondon,** the Research Laboratory of Applied Chemistry of the Massachu- 
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setts Institute of Technology “ and several individual investigators, values for 
have been determined for oil flow through commercial pipes over a wide range of 
values of F, S and Z, These are reploduced in the graph given in Fig. 313. 

Varying results are obtained in tests made within the region of critical velocity, 
the change from viscous flow to turbulent flow, or vice versa, coming at different 
velocities with slight variation in surrounding physical conditions. Laboratory inves- 
tigation within the critical flow region has shown that viscous flow has a marked 
tendency to perpetuate itself under conditions where turbulent flow would normally 
be expected. Hence the dip in the curve (Fig. 313) connecting the viscous flow curve 
with the turbulent flow curves. Most authorities agree that if the critical region be 
approached by gradually lowering the velocity from the turbulent flow side, the 
*&endency is to follow the turbulent flow line without deflection to a direct inter- 
section with the strai\,ht viscous flow line. Increasing the velocity from viscous 
flow conditions, however, may result in the viscous flow curve perpetuating itself 
beyond the normal intersection into the relatively unstable critical region. Here 
any slight disturbance in the pressure equilibrium will result in the curve bending 
sharply upward to meet the normal turbulent flow line. It would appear preferable 
in the practical solution of flow prf)blcins, to assume that the turbulent flow curve 
extends directly (as shown by the dotted line in Fig. 313) to its intersection with 
the viscous flow line. This simplifies the calculations, and if the resulting calcula- 
tion is slightly in error, it will be on the “safe” side. 

Flow computations with the aid of formulas 1, 2 or 3, and the graphs in Fig. 313 
giving values of /, are conducted as follows 

1. Calculate the value of (or its equivalent Q is known rather 

than V), 

2. By referring to the graph, Fig. 313, find the value of / which corresponds to this 

value of ; if 0 is known rather than V we may substitute for V its equivalent, 

.408(2 . . DVS, AOSQS 

lo which case the expression ^ becomes • 


3. Insert this value of /in either equation (2) or equation (3), above, and solve for 
whatever variable may be unknown. 

Accurate results should not be expected from these formulas when the pipe line is 
less than 500 diameters in length, or when the pipe is badly corroded or tubcrculated 
on its inner surface; or when there is any tendency to separate out solids (such as 
paraffin wax) on the walls of the pipe. 

If the pipe line contains elbows, these will be equivalent in resistance offered to 
flow, to about 30 diameters of the pipe for each elbow. 

Determination of Absolute Viscosity. — Determination of the value of Z will 
ordinarily require a viscosity test with one or another of the several types 
of commercial viscosimeters. This test must be conducted at the average 
temperature assumed to i)revail within the pipe line during the period of 
flow. The instruments commonly available for this purpose do not determine 
the true absolute viscosity of the oil, but give values measured in seconds of 
time which can be converted to equivalent absolute viscosity* with the aid of 


* In physical terms, the absolute viscosity of a fluid is that tangential force, 
expressed in dynes, necessary to move a unit area of plane surface, with unit speed, 
relative to another fixed plane surface at unit distance from it, the oil in question 
being in contact with and between the two surfaces. In the e.g.s. system, absolute 
viscosity is expressed by a unit called a “poise*,” wJiich is one dyne-second per square 
centimeter. A “centipoise” is one one-hundredth part of a poise. The viscosity of 
water at GS^’F. is 1 centipoise; hence, if the viscosity of an oil is expressed in centi- 
poises, it may be visualized as a multiple of the viscosity of water at this temperature. 
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mathematical formulas* or by means of graphs such as those reproduced in Fig. 314. 
Absolute viscosity divided by density g ii^the so-called kinematic viscosity. The 

reciprocals of values of indicated along the vertical axis of Fig. 314, are used 


Degrees. Engler 



Fig. 314.- — Chart for converting viscosimeter readings to equivalent kinematic viscosity. 


* Absolute viscosity may be calculated from measurements made with either the 
Saybolt Universal, Engler or Redwood viscosimeters, by means of the following 
approximate formulas established by the U. S. Bureau of Standards: 


For the Saybolt Universal instrument 

For the Engler instrument 

For the Redwood (No. 1) instrument . . 


z 

1.497 

= .00219 t - 

t 

z 

3.22 

e = .00144 1 - 

t 

z 

1.561 

.. = .00200 1 - 
n 

f ' 


In these formulas, I is the time of outflow in seconds, of the standard volume of the oil 
from the instrument; Z is the absolute viscosity expressed in poises; and S is the 
densityj(equivalent of specific gravity) at tlie temperature of the tost. 
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directly in the expression or in determining the Fanning formula co^^ 

cient. If, for any purpose, the ab8oli|jbe viscosity, Z, is required, instead of the 
kinematic viscosity, it may be readily obtained by multiplying the kinematic 
viscosity by the density, S, With the aid of the graphs reproduced in_Fig. 316, 



{From graphs published by Power Specialty Co., New York, with additions). 

Fio. 315.- -Chart showing variation in specific gravity of petroleum at different 

temperatures. 

densities at high temperatures may be determined from those corresponding to lower, 
temperatures at which gravity measurements are ordinarily conducted.* 

* If the gravity of the oil is measured in Baum6 degrees at 60°F., as is customary 
conversion to equivalent specific gravity may be accomplished with the aid of the 
following formula: 

140 

Specific gravity at 60°F. = DegFeFs Baum6 at eO'F.'T llO 

This formula is recommended by the U. S. Bureau of Standards, but a Baum6 scale 
adopted by the American Petroleum Institute and known as the A.P.I. scale is based 
on the modulus 141.5 instead of 140, thus: 

141 6 

Specific gravity at 60°F. = areOTT+TsTs 
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For use in the flow formulas, the value of Z, representing the absolute viscosity, 
must be that corresponding to the average temperature of the oil in thejine^during 
transit. Inasmuch as this temperature is nit generally known at the time the viscos- 
ity determinations are made, it is customary to develop a viscosity temperature curve 
for the oil to be pumped, showing its viscosity at all temperatures up to the maximum 
to which it is to be subjected. The construction of such a graph would require deter- 
minations of viscosity at several different temperatures, from which values, when 
plotted on coordinate paper, a smooth curve may be developed. The curves repro- 



Fiq. 316. — Viscosity- temperature graphs plotted with respect to normal coordinates. 


duced in Fig. 316 are typical. Since viscosity measurements, if accurately made, 
consume considerable time, it is preferable to plot the absolute values on logarithmic 
coordinate paper, in which case the graph becomes practically a straight line over the 
greater part of its course. Two viscosity tests at different temperatures will suffice to 
determine the course of this line, from which absolute viscosities at any other tempera- 
ture may bo determined. Fig. 317 illustrates the construction of graphs of this 
type. 

Determination of Average Temperature. — Determination of the average tempera- 
ture of the oil during the period of flow, on which the viscosity variable, depends, 
is admittedly one of the most difficult and uncertain elements involved in pipe line 
design. The temperature will drop rapidly at first, near the pumping station, and 
less rapidly as the difference between the oil and the earth decreases. The heat lost 
varies with the velocity of flow (time), the area of contact surface between the heated 
pipe line and the surrounding earth, the specific heat of the oil and the difference 
between the temperature of the earth and that of the heated oil. 

Heat radiation will also depend somewhat on the character of flow, the outer layers 
of oil, nearest the walls of the pipe, will suffer the greatest heat loss, leaving the oil 
toward the center relatively warmer. In turbulent flow, due to more thorough mixing 
of the oil, a fairly constant temperature prevails throughout the cross-section of the 
pipe. 
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In estimating the average temperature, some engineers use tlje following approxi- 
mate formula, which is said to agree very closely with actual temperature conditions 
in existing lines f 



{The graphs shown are the equivalent of two of those given in Fig. 316 ). 
Fig. 317.- Logarithmic visco&ity curvc.s illu.struting straight line characteristics. 


Average temperature = (ji Initial temperature) + (2^ Final temperature) (4) 

Thus, if the maximum initial tcmi)erature to which it is considered advisable to 
heat the oil is 1G()°F., and tlie lowest temperature permissible for efficient pumping is 
fixed at 120°F., the average temperature in the line during transit js 160/3 + 2 X 120/3 
= 133 . 3 °^ 

A more precise formula, recommended by H. W. Crozier,^ is the following: 


L 


aQWS 

D 


Log, t 


in which 

L = The length of the pipe in feet, 
a = A radiation constant. 

Q = Flow in barrels per hour. 

W = Weight of 1 bbl. of oil in pounds. 

S = Specific heat of the oil. 

D = External diameter of the pipe in inches. 
t = Difference in temperature between the earth and the pipe. 


( 5 ) 
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The following values for the radiation constant, a, were calculated from tests 
made on two California pipe lines : 

8-in. line, pumping 26,128 bbl. of 2i°B6. oil daily a = 1.67 

8-in. line, pumping 24,494 bbl. of 17.7°B6. oil daily a = 1.75 

Influence of Gravity on Pipe Line Flow. — The foregoing discussion has taken no 
account of differences in elevation which may exisi. at different points along the pipe 
line. If the line carries oil over some point at a higher elevation than the initial 
point, obviously, more pressure will be necessary than that whic^i is barely enough 
to overcome pipe resistance; and on tlie other hand, if all points along the line are 
below the initial point, gravity will aid flow, and the neceasary pressure will be lowei^ 

In order to measure the effect of gravity on flow, it is customary to prepare a 
profile of the ground over which the pipe passes, and superimpose upon it a pressure 
diagram, showing by means of a ‘'grade line,” the “head ” in feet at any point. Head 
in feet may then be converted to equivalent pressure in pounds per square inch, and 
either added to or subtracted from the value of P (the initial pressure) in the formula 
used for computing flow, depending upon whether the net effect of gravity assists 
flow, or opposes flow. 

Equivalent Length of Pipes of Different Sizes. —Often intercommunicating pipe 
lines are operated in parallel, a device for increasing (capacity known as “looping”; 
and in other cases, different sizes of pipe, connected end to end, will be used in different 
portions of the same operating division. In making flow computations in such cases, 
it is convenient to reduce all sizes to a common basis by making use of factors giving 
the equivalent length of various pipe sizes in terms of the one adopted as standard for 
the computations.^® Thus, Table XLIII shows that 1 ft. of 4-in. pipe introduces as 


Table XLIIT. — Equivalent Lengths of Various Sizes of Pipe Lines 


2 


1 


Size of pipe, in. 


j! Arrangement of lines 


3 

4 

5 

6 

8 

10 

li 

12 , Single 

Double 

7.6 

32.0 

97.5 




1 


1.0 

4.2 

12 8 

32 0 

134 9, . . . 

. . . . ii 1 

4 


1.0 

3 0 

7.6 : 

32.0 

97.5 

, 

1 



1.0 

2 5 

10.9 

32.0 

li 





1 0 I 

4.2 

12 8 

32 0 1 





j 

1.0 

3.0 

7 6 : 







1 0 

2 5 ! 

!• 

i 

1 

i 


Triple 


9 

2K 


much resistance to flow as 7.76 ft. of 6-in. pipci, and is also equivalent to 30.61 ft. of 
8-in, pipe in the resistance offered. Again, 1 ft.^ of a single pipe of any size offers 
four times as much resistance as the same length of two lines of the same size con- 
nected in parallel, and nine times as much as three parallel, intercommunicating lines. 
These factors may be calculated from the known relationship between the carrying 
capacity of a pipe and the J'z power of its diameter. 

Problems Illustrating Use of Pipe Line Formulas. — The following applications will 
illustrate the use of the foregoing formulas in typical pipe line problems: 
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1. It is desired to transmit crude petroleum of 28*’B4. gravity through an 8-in. 
pipe line at the rate of 20,000 bbl. per 24-hr. day. The initial temperature of the oil 
is to be 160°F., and the final or delivery temperature, 120°F. The initial pressure is 
to be 750 lb. per square inch. What is the maximum distance at which the pumping 
stations on this line may be spaced ? 

Solution: 

Viscosity tests with a Saybolt Universal viscosimeter, on the oil to be pumped, 
show the following time of efflux: (a) At 100®F., 143 sec., and [p) At 150°F., 60 sec. 

With the aid of formula (4), we calculate the average temperature of the oil during 
transmission : 

r Average temperature = -j- = 133®F. 

With the aid of the viscosity conversion chart (Fig. 314), we find the equivalent 
kinematic viscosities to be : 


(а) At 100®F., kinematic viscosity = 0.30 poises = 30 centipoises. 

(б) At 150°F., kinematic viscosity = 0.10 poises = 10 centipoises. 

Constructing a logarithmic temperature-viscosity curve from these values for 
the kinematic viscosity (as illustrated in Fig. 317), we are able to determine that at 
133®F., the average temperature, the oil will have a kinematic viscosity of 13.5 centi- 

poises. This is the value of ^ to be used in determining the friction coefficient, /. 

The gravity of the oil at 60°F. is given as 28°B6. The equivalent specific gravity 
is 0.89 (this may be calculated with the aid of the formula given in the footnote on 
page 554, or, it may be obtained from printed tables or charts). With the aid of the 
curves given in Fig. 315, we are able to determine the specific gravity of this same oil at 
133®F., the average temperature of the oil during transmission. The specific gravity 
at the higher temperature is 0.87. 

In order to determine /, the friction coefficient, we must first calculate the value 

DVS . , , 0.408C?5 

or its equivalent, . 

calculate the latter quantity : 


Not having at hand the velocity of flow, V, we 


. 4080 ^’ 

DZ 


0.408 X - 


(20,000 X 42) 


24 X 60 
8.071" X 13.5 


= 2 . 2 . 


The actual inside diameter of 8-in. pipe is obtained from Table XLIV, as 8.071 in. 

(20 000 X 42) 

Twenty thousand barrels per 24-hr. day = — ^ — = 583.8 gal. per min- 

ute. 


By reference to the graph given in Fig. 313, the value of / corresponding to this 

OS 

value of .408^^, is found to be .008. 

The maximum spacing of pumping stations implies a reduction of the final or 
delivery pressure in the line to zero pounds per square inch. The maximum or initial 
pressure is given as 750 lb. per square inch. We therefore will have for the maximum 
spacing of pumping stations, a total pressure loss, P, of 750 lb. per square inch. 

We may now calculate the value of L, the unknown distance between stations, 
with the aid of formula (3). Thus:- 

.0538jr^L^0* 

^ " D* 

We may get the value of from Table XLVI. By substitution, 

.0538 X .008 X L X .87 X (583.8)2 
“ 34,250 

L = 201,519 ft. = 38.17 miles. 
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• Butt-welded pipe. Sizes from 1.5 to 3 in. may be had in either lap- or butt-weld. 
Note: All sizes above 12 in. are outside diametcr '* (O. D.) pipe. 
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2. What diameter of pipe line will be necessary to transmit 10,000 bbl. per day of 
crude petroleum of 15.2'’B6. gravity over a distance of 10 miles, if an initial pump 
pressure of 800 lb. per square inch and ai^ average temperature of 120®F. is considered 
possible with the pumping and heating equipment available? The Saybolt (Furol) 
viscosity of the oil is 340 sec. at 90®F., and 35 sec. at 150®F. 

In a problem of this type, where a variable necessary in the calculation of both the 
friction factor (Z> in this case) and the Fanning equation, is the unknown, we must 
adopt the method of '‘trial and error.” That is, we must assume different values of D 
and select the one which brings the resultant pressure at the delivery point as nearly 
zero as possible. , If tlic first approximation indicates that the proper value of / lies 
in the viscous flow region, Poiseuillc’s formula (1) will be found simpler than the 
(modified Fanning formula. 

For the given problem, 

10,000 bbl. per day = 291.6 gal. per minute. 

15.2°B(5 = Specific gravity .96 (at 60°F.). Corresponding specific gravity at 
120°F. = .942 (=<S) (from curves given in Fig. 315). 

340 sec. Saybolt Furol = Kinematic viscosity of 700 centipoiscs (at 90°F.) 

35 sec. Saybolt Furol = Kinematic viscosity of 70 centipoiscs (at 150°F.) 

Plotting these kinematic viscosities on a logarithmic temperature viscosity chart, 


we find that at 120®F. the oil has a kinematic viscosity of 190 centipoiscs ( =^)* 

For a trial, assume that 6-in. line pipe is used. Reference to Table XL VI shows 
that this pipe has an actual inside diameter of 6.065 in. (=/)). Calculating the value 


of 


Amis 

DZ 


in order to determine /, we have : 


AO^QS _ .408 X 291.6 _ 

DZ “ 6.065 X 190 “ 

From Fig. 313, / for this value of = -02. 

Substituting these values of /, L, Q and D in formula (3), 


.0538/L.SQ2 ^ .0538 X .02 X 52,800 X .942 X 85, (^30 
^ ~ ~ “ 8,206 


4,550,367 

8'206 


555 lb. 


From this it is apparent that G-in. pipe, under tlie conditions assumed, would 
give a delivery pressure of (800 - 555) = 245 lb. Hence we may use a smaller pipe. 

Try 4-in. pipe. Table XL VI shows the actual internal diameter of 4-in. pipe to be 
4.026 in. i = D). The table also gives = 1,058. 


Calculating the value of 


.408C>.8 

DZ 


again, and determining the value of / in Fig. 313, 


we find a value of / = .013. 

Solving again for P, we have: 


9.0538 X .013 X 52,800 X .942 X 85,030 
1,058 


2,800 lb. per square inch. 


Since 2,800 is greater than 800 (the initial pressure), a 4-in. line will be too small. 

A similar calculation made for S^in. pipe gives a value for P of 1,230 lb. per square 
inch, indicating that this size also is too small. 

For 5H-in. pipe, the value of P becomes approximately 8001b. per square inch, but 
since standard commercial line pipe is not made in this size, we must adopt the next 
largest standard size, which is 6 in. 

Use of Empirical Exponential Formulas in Calculating Pressure Loss in Oil Pipe 
Lines. — Modifications of the well-known Hazen and Williams formula have been 
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widely used among engineers engaged in oil pipe line design. The following formula, 
recommended by H. W. Crozier,* is of this type: 

I 

F = ® X r» «» X “ X .001-“ «<• (7) 

7H 


In this formula, 

V = The average rate of flow in feet per second. 

rr., , , Area of cross-section of pipe 

r = The hydraulic radius = ,,, - % . -- 

Wetted perimeter 

„ rjy, , Loss of head in feet 

b = The slope = - _ - — 

Length 


c = A constant. 

m = The average viscosity of the oil, measured in multiples 4K that of water at 4°C. 


The relative viscosity of the oil, m, must be determined with the aid of a viscosi- 
meter; values for the constant, c, must be determined from results obtained with 
existing lines. Table XLV gives values of m and c for a number of operating lines. 
An average value for the constant, c, is 138. 


Table XLV. — Values of c and m in Crozter's Formula 


Pipe line 

1 

' m 

■ 


Monterey, G-in. line 

! 1.11 

143 

Producers’, 8-in. lino. . 

! 1.61 

153 

Ora,* 4-in. line 

1 1 26 

124 

General Petroleum Corporation, 8-in. lini* 

1 1 36 

136 

Valley pipe line, 8- and 10-in . 

.| 1.37 

138 

Yarhola,* 6-in. line. . . 

i 1-16 1 

136 

Yarhola,* 10-in. line 

! 1.12 1 

1 1 

140 


* Lines marked with asterisk are mid-continental pipe lines; all others are Cali- 
fornia lines. 


In applying this formula to determine pressure loss, tlie unknown quantity is, of 
course, aS, the slope. Solving for b and assuming a definite value for the length or 
distance from the pumping station, we can determine directly the loss of head in feet, 
which may then be expressed in equivalent pounds per square inch. 

Pipe Line Design. — In the design of an oil pipe line, the problem as ordinarily 
presented specifies only a given length of line and a given daily capacity. The 
engineer must then select the size of pipe, the distance between pumping stations, 
the necessary initial pressure and the initial temperature to which the oil must be 
heated at each station that will enable the line to operate at the desired capacity. 
As a rule, the initial temperature is assumed as the highest that can be practically 
attained with exhaust steam in the usual type of tubular heater. In some cases, the 
maximum temperature to employ may be the maximum safe temperature, bearing in 
mind the flashpoint of the oil and the tendency of the lighter constituents of the oil to 
vaporize. The most economical initial pressure is usually the maximum that can be 
developed with the type of pumping cqiiipment available, or that can be safely carried 
by commercial pipe. These values, too, will be known in advance by the engineer^ or 
ma}^ be obtained from the manufacturers. Generally speaking, then, the only variable 
factors in pipe lino design for a given set of conditions will be the diameter of the 
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line and the spacing of the pumping stations. These are inter-related factors; that 
is, by using larger sized pipe, we may reduce pressure loss in the line and thus increase 
the distance between pumping stations!* The engineer must balance the cost of the 
larger diameter pipe against the cost of a larger number of pumping stations, deter- 
mining with one or another of the formulas for calculating pressure loss, the size of 
pipe and spacing of pumping stations that will give the lowest capital cost. The 
operating cost of the line after completion enters also as an important factor. For 
example, it may happen that the saving in operating expenses, due to the elimination 
of one or more pumping stations, will warrant the expenditure of a greater capital 
investment in the provision of larger sized pipe, which would make reduction in the 
number of pumping stations possible. 



{After H. )r. Crozier in Journal of Electricity). 

Fig. 318.- Curves illustrating graphic solution of an oil pipe-lino problem. 

Graphical Solution of Pipe Line Problems. — A convenient method of studying the 
effect of the different variables involved in pipeline design is that suggested b}^ H. W. 
Crozier^ (see Fig. 318). 

A graph is first constructed, based on an assumed initial temperature for the oil 
pumped, which indicates the temperature of the oil at all distances from the pumping 
station up to a distance greater than the maximum possible spacing of pumping sta- 
tions. This curve we will call the “temperature decrement curve.” Points on it 
may be determined by application of formula (5) above. 

A viscosity temperature curve for the oil to be pumped is next developed by making 
tests with a viscosimeter and plotting the viscosities against their corresponding 
temperatures. Knowing the viscosity of the oil to be pumped at all temperatures, 
by reference to the temptaature de(;reinent curve, we next develop a graph representing 
the viscosity of the oil at various distances from the pumping station. This we may 
call the “viscosity increment curve.” It is plotted on the same sheet of coordinate 
paper as the temperature decrement curve, and to the same aliscissa scale. The 
viscosity increment curve, of course, will be of ascending characteristics, the viscosity 
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increasing as the oil attains greater distance from the pumping station, due to the 
decrease in temperature. 

By the application of either of formula4(2), (3) or (7) given above, we may, 
knowing the viscosity of the oil at varying distances from the pumping station, 
determine the corresponding pressures in the line at the same distances. Connect- 
ing these points with a smooth curve, we have a means of predicting the pressure 
in the line at any distance from the pumping station. This graph we may call the 

Friction Loss per Mile in Iba. per bq. inch (Broken Lines ) 



0 10 20 30 40 6b 60 *70 

Friction Loss per Mile in lbs. per sq. inch (Solid Lines) 

{.After Standard Oil "Bulletin") 

Fuj. 319. — Flow curves for use* in oil pipe line coniputatioTis. 

For 10.2° Briuiiil* California oil. 

‘^pressure decrement curve.” It has the same significance as the “hydraulic gradient 
line” commonly employed in graphical solutions of problems in hydraulics, but differs 
from an ordinary hydraulic gradient line in that it is a curve instead of a straight 
line. This is due to the influence of changing temperature, resulting in increased 
viscosity. Where the pressure decrement curve crosses the abscissae representing 
zero pressure, we have indicated, by projection to the horizontal scale representing 
distance from the pumping station, the maximum spacing of pumping stations per- 
missible under the given conditions. 
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This assumes that the two stations are on the same level, which, however, will 
seldom be the case. To correct for differences in elevation, we have merely to con- 
struct the profile of the line in terms dP: equivalent pressure, and the intersection of 
this “pressure profile" with the pressure decrement curve shows the maximum spac- 
ing of pumping stations on the particular profile. 



0 20 40 60 80 ICO 120 

Friction Loss per Mile in PoudcIb per Square Inch 

{After Standard Oil ''Bulletin”), 

Fig. 320. — Flow curves for use in oil pipe line computations. 

For 24 4° Baum6 California oil. 

Fig. 318 shows the solution of a typical problem, from which — as shown by 
the dotted lines — it would appear that the position of zero pressure on a level line 
is 64,500 ft. (or 11.18 miles) from the pumping station where the oil is heated to 
160°F., and an initial pressure of 750 lb. per square inch is impressed. Points on the 
pressure decrement curve are in this case calculated by means of formula (7). 

Calculation of Power Necessary to Pump Oil through Pipes. — If it is necessary to 
determine the theoretical power requirement under a given set of conditions, we may 
make use of the following formula:^ 
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Horsepower = X P” min-) X (pressure drop in lb . per eg. in.) 

33j000 

The actual horsepower required is obtained |)y dividing this quantity by the over 
all efficiency of the pump and power-generating equipment. 

About 2 hp. will be necessary to pump 1,000 bbl. of oil per day, for each 1004b. 
pressure impressed upon it by the pump.^® Tliis allows 15 per cent for loss between 
the steam cylinder of the engine and the discharge of the pump. 

Use of Flow Curves in Making Approximate Estimates of Flow of Oil through 
Pipes. — The many tests that have been made and the large amount of practical data 
collected in the records of operating pijKs line companies have createef a fund of quan- 
titative data on which to draw for information in the design of a new pipe line. The 
great difficulty generally encountered when we attempt to systematize and organize 
these data, however, is that of arranging them in suitable fornsrtbr use. Perhaps the 
most convenient form for displaying such data is in the form of flow curves. Those 
reproduced in Figs. 319 and 320 are typical.’ 

It will be noted that there are two groups of curves, one for heavy California 
asphaltic-base crude of ]5.2“B6., and the other for similar oil of 24.4°B6. There 
are curves given for oils at two different temperatures for each of a variety of different 
sizes of pipes. It will be noted also, that there is given for each of the two oils the 
absolute viscosities at four different temperatures. 

The curves may be used for flow calculations with oils of other gravities and 
viscosities than those from which the curves were derived. If we wish to pump an 
oil of some other gravity than 15.2 or 24.4°B<5., we must first determine its viscosity 
at the average temperature that will prevail in the line during transmission. Then, 
if the oil is heavy, we can find on the curves for heavy oil, the temperature at which 
15.2°B4. oil has the same viscosity. The flow of our given oil will be the same as 
that of 15.2° oil at this indicated temperature. If our oil is light, we can seciu’e the 
same data from the other group of curves. 

An example will illustrate the method. 8u])pose wc have an 18° fuel oil which, 
at the average temperature at which it is to flow, has an absolute viscosity of 1.75. 
From the viscosity table for 15.2° oil on the diagram for heavy oils, wc find that oil 
of this gravity has the same viscosity at a temperature of about 121 °F. Consequently, 
our fuel oil will, under the given conditions, flow as if it were 15.2° oil at an average 
temperature of 121°. The 15.2° curves can then be used for estimating the flow 
of our 18°B6. oil. 


Types of Ojl Line Pipe anp Joints 

'Tine pipe,^' a lap-welded pipe with screwed connections, using 
collars of heavier design than those used on ordinary " standard pipe, 
has been widely used in the construction of oil pipe lines. Because of the 
heavier collars, line pipe will carry considerably greater internal pressures 
than “standard” pipe. Weights, sizes and strengths of these two grades 
of pipe may be compared by inspection of the figures given in Table 
XLIV. Standard pipe is the less expensive of the two, and may be used 
for low-pressure service, or even for high-pressure work in the case of the 
smaller sizes. 

Within recent years, a number of important oil pipe lines have been 
constructed without screwed connections, by welding the joints with the 
aid of the oxyacetylene torch. Welded joints may be made as strong 
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as the pipe itself, and since the pipe is not weakened by the cutting of 
threads, it may be of somewhat .lighter weight than when screw joints 
are used. Because of this, ana since no collars or other fittings are 
needed, it is claimed that welded lines are cheaper. If the welding is 
properly done, welded lines are also more secure against leakage. Expan- 
sion and contraction in lines carrying heated oil make necessary the use 
of expansion joints in the larger sizes of pipe, particularly above 10 in. 
Smaller sizes arc not ordinarily eciuipped with expansion joints*, whether 
welded or screwed. The welding process has been more widely used in 
' constructing gas transmission lines than for oil pipe lines. 

Pipe Line Construction 

Before construction of an oil pipe line is begun, a careful survey of the 
route to be followed will be made. This will include the measurement 
of distances and elevations and the setting of stakes marking the route 
to be followed. Special attention will be given to the topography 
traversed, the condition of the soil and stream crossings. The necessary 
steps to secure a right-of-way for the line and title to such land as may 
be required for pumping stations and tank farms will also be completed 
before construction work is undertaken. 

Accessibility will be an important consideration in selecting the route 
for an oil pipe line. The delivery of pipe and construction equipment, 
supplies for construction camps and facility in subsequent repair and 
inspection of the line, require that the route be accessible to wheeled 
vehicles, preferably railroad or motor truck transportation. For this 
reason, pip'e line routes are often selected paralleling a railroad right-of-way 
or some main highway. 

The first consideration in the actual construction of the line will be 
the distributing of the pipe along the route selcct(?d. Pipe delivered 
from the steel mills in carload lots will be unloaded at near-by railroad 
stations or sidings and loaded into horse-drawn wagons or motor trucks 
used in ‘'stringing’’ the pipe along the right-of-way, care being taken to 
unload just the proper number of joints per mile so that there will be 
neither a shortage of pipe nor a surplus when the joints are coupled 
together. 

After the construction equipment has been assembled and the neces- 
sary workmen organized into crows, work will be begun at one end of the 
the line or in some cases, a start will be made at the middle, working with 
a separate crew toward each end. The work of laying the pipe involves 
several operations, each performed by a different crew of workmen and 
with different equipment. The major operations involve: (1) excavat- 
ing the trench, (2) screwing or coupling the pipe, (3) painting or coating 
the pipe with protective covering, (4) lowering the pipe and ‘‘staggering” 
it in the trench; and (5) backfilling the trench. 
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Trenchmg may be accomplished either by hand, using pick and shovel methods, or 
with the aid of a trenching machine. The mechanical method is more rapid than the 
hand method, and the trench is excavated a^ a lower cost per linear foot. Trench- 
ing machines are commonly of the self-propelling or tractor type, using a gasoline 
engine as motive power, and excavation of the trench is accomplished by a large 
revolving wheel equipped witli scrapers or buckets around its circumference (see 
Fig. 321). The size of the trench must vary with that of the pipe. The trench for 
an 8-in. pipe is 20 in. wide and from 2 to 3 ft. deep. In cold climates or at high 
elevations where frost and low ground surface temperatures may become important 
factors in heat radiation losses, the trench may be made deeper, say *4 ft. 



{Bucki'ye Traction Ditcher Co , Findlay, Ohio) 


Fig. 321 .— “Buckeye” traction ditching machine (left) and pipe-screwing machine (right) . 

Using Buckeye Traction ditching machines, * it has been found possible to excavate 
as much as 2,600 lin. ft. of trench, 22 in. wide and 3 ft. deep, in one 10-hr. day. The 
average capacity, however, for this size of trench is from 1,600 to 2,000 lin. ft. per 10-hr. 
day. Progress naturally varies materially with the character of the soil. Under 
unusually favorable conditions, in trenching for an oil pipe line near Caspar, Wyo., 
7,800 ft. of trench, 42 in. deep and 20 in. wide were excavated in 24-hr. Operating 
costs arc said to range from $17 to $50 per 10-hr day, depending upon the size of the 
machine and the cost of labor and fuel. 

Screwing the Pipe. — The pipe, as shipped from the mill, is in random lengths averag- 
ing about 20 ft. A pipe collar or coupling is securely screwed on one end and a rough 
collar on the other end protects the threads during transportation. Just prior to 
placing a joint in the line, this tJiread protector is reiAoved and the threads on the 
exposed end of the pipe and within the collar are carefully cleaned with oil or pipe 
''dope.'' This reduces friction in screwing the joints together, protects the threads 
against corrosion and facilitates repairs or salvaging the line at some future time. A 
swab consisting of a disc made of leather or rubber belting fastened on a metal rod or 


* Manufactured by Buckeye Traction Ditcher Co , Findlay, Ohio. 
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small pipe, or a disc-shaped wire brush, of the same size as the inner diameter of the 
pipe, is drawn through each length of pipe to remove dirt and mill scale. 

When hand methods are used, thef lengths of pipe are screwed together while 
resting on skids placed at intervals across the trench. Each length is carried to its 
position by men equipped with pipe-carrying tongs and bars. One raemV>er of the 
gang, called a ^‘stabber,” starts the threaded end of the length of pipe into the* open 
collar of the preceding length, revolving the former by hand for a few turns to make 
certain that the threads arc not crossed. Other men are meanwhile engaged in placing 
“pipe jacks” and “jack boards” under the pipe to hold it in alignment during the 



{Courtesy U S Bureau of Mui-es), 

Fig. 322.- -Mahoney pipe-screwing machine operating on eight-incli pipe. 


screwing process. After the new length of pipe has been fairly started in the collar by 
the stabber, snubbing ropes are applied for further screwing, and finally metal pipe 
tongs arc used to tighten the joint. A crew of 70 men can clean, lay and apply 
protective paint and covering to about 3,000 ft. of 8-in. line per day, using hand 
methods. 

Pipe laying is more rapidly and economically accomplished, particularly in the case 
of the larger sizes, with the aid of a pipe screwing machine, requiring the services of 
from 15 to 30 men (see Figs. 321 and 322). There are two general types of pipe laying 
machines available: (1) the Buckeye machine, which is mounted on a caterpillar 
tractor, the pipe being laid from the back of the machine; and (2) the Mahoney 
machine, which travels on the pipe. 

The Mahoney machine was the pioneer pipe laying machine. It was developed 
during the laying of a 170-milc (California line, and has since been successfully applied 
in the laying of a number of important lines in the mid-continental and gulf coast 
region. This machine grips the pipe with the aid of a set of pipe tongs mounted on the 
inner circumference of a rotating steel cylinder. Power is applied from a gas engine 
through gearing. The entire machine is mounted on a tubular frame which surrounds 
the pipe and rests on it. Small traction rollers are provided within this frame for 
moving the machine along the pipe under its own power. A pair of legs or spuds, 
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actuated by power-driven gearing, provide means of raising or lowering the machine 
and the pipe on which it travels. With the aid of a small crane and power-driven 
hoist, also a part of the machine, a length ol|pipe may be picked up from the ground, 
hoisted and swung into position, and rapidly screwed into the collar. The operator 
rides on the machine within easy reach of all the necessary gears, clutches and control 
levers. The machine is also able to make bends in the pipe when desired. In making 
bends in the pipe, it is desirable to maintain a radius of curvature of not less than 150 
ft. As much as 11,740 ft. of 6-in. pipe have been screwed with one machine during 
a 9-hr. day. This time included the making of 28 bends. The best performance with 
8-in. pipe is about 8,700 ft. per day, and with 10-in. pipe, 8,200 ft. pfr day. 



Fig. 328. — Eight-inch pipe suspended from horses, ready tt) bo lowered into trench. 


Applying Protective Covering. — The pipe, after screwing, is lowered on wooden 
skids placed at intervals across tlie top of the trench. With the pipe in this posi- 
tion, a protective coating is applied. This is necessary to prevent corrosion of the 
pipe, particularly in alkaline soils or where saline ground waters are prevalent. The 
protective coating may consist of a coat or two of asjihaltic paint or enamel, or of 
roofing paper, roofing felt or burlap wired and wrajiped around the pipe and saturated 
with hot asphalt. Before applying the protective (coating, the pipe must be carefully 
cleaned and scraped to remove dirt, blisters and mill scale. The protective material 
may be applied by hand methods, using large brushes, or it may be poured on the top 
of the pipe and spread with the aid of a strip of canvas or "‘sling,’' passed under the 
pipe and drawn back and forth by two men, one at each end. In several recently 
constructed pipe lines, the protective coating has been applied by machines developed 
especially for the purpose. One such machine, used on a California line, traveled on 
wheels resting on the pipe, and was provided with a rotating brusli and scraper for 
removing dirt and mill scale and rotating brushes for applying the enamel or paint. 
A 6-hp. gas engine mounted on the machine furnished the necessary power for revolv- 
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ing the brushes and scraper. The machine also carried tanks containing the molten 
enamel and water and fuel for the engine. Coating operations, conducted either by 
hand or machine methods, require that the pipe be lifted off the skids at points where 
painting is in progress. This is readily accomplished with the aid of a long lever 
mounted on wlieels, or by means of wooden horses straddling the pipe and equipped 
with rope or hose-covered chain slings (sec Fig. 323). 

, Lowering Pipe in Trench. — After the protective coat has hardened, the pipe must 
be lowered into the trencdi. This is accomplished, after the skids have been removed, 
with the aid of the above-mentioned horses or with a tripod which supports a small 
handpowcr winch. The pipe is then pried to alternate sides of the trench at about 
^100-ft: intervals, so that it occupies a zigzag position in the bottom. The trench is 
also partly filled with earth at the same intervals to maintain the pipe in this 
position until such tirnt as the trench can be entirely filled. The purpose of laying 
the pipe in this manner is to provide for expansion and contraction in the line which 
may be a serious factor because of the variable temperatures to which it is subjected. 

Backfilling completes the work of laying the pipe, removing the loose material 
which has been left standing in a pile along one side of the trench, and placing it back 
in the trench. The excess earth is piled over the filled trench. 1'his work may be 
done by handshoveling, or with the aid of horse-drawn road scrapers, but is more 
economically and expeditiously accomplished with the aid of backfilling machines 
developed for the purpose. Such machines are usually of the self-propelled, tractor 
type, and travel along, straddling the dirt pile. The (^artJi-moving mechanism consists 
of a series of flat scrapers attached to chains whicii 1 raved transvirselv to the ditch and 
move the material from the pile to the trench. A simjiler device consists of a diago- 
nally placed scraper attached to a small tractor. 

Stream and Road Crossings. —Bridging is often resorted to where a small ravine, 
stream or marsh, or a railroad cut is to be crossed. For this purpose, a simple trestle 
is usually constructed, or a cable suspension for the pipe is provided. The pipe is 
preferably enclosed in a rectangular wooden bor in such cases, with oil sand or other 
heat-insulating material packed about it. Tn crossing a road, the pipe should be 
buried at somewhat greater depth than elsewhere, in ord(*r to avoid any possibility of 
its becoming exposed by ruts or washouts, and to prevent it from being subjected to 
undue vibration or wheel pressure from passing traffic. 

In crossing rivers where no trestle or other supjxirting structiir(‘ is possible for the 
pipe, it must bo laid directly across the stream bed and submerged. In such jilaces, 
it is customary to ]ilace a “river clamp” at. each joint to add weight to the line and to 
reinforce the coupling. The river clamp is a heavy cast-iron split clamp, the two 
halves of which may be securely bolted toget her ov(*r the j)ii)e collars. In order to give 
additional security against the line parting due to the pressure of w^ater .flowing over 
and around it, it is (uislomary to arch the pipe upstream, anchoring the shore terminal 
and approaches with concrete blocks and long metal bars called “river dogs,” which 
are driven into the earth on the dow nstream side of the pipe. Some operators prefer 
to weld pipe at stream crossings, particularly where shifting sands may leave long 
sections of the pipe without support. However, the difficulty of making repairs to a 
welded stream crossing in case of a break is obvious. 

Sea Anchorages. — ^Along the Gulf Coast of Mexico, sea-loading anchorages have 
been developed, at wdiich tank ships are loaded 1 1^2 miles off shore, while riding at 
anchor, from pipe lines laid on the ocean bed. The pipe lines are constructed on 
land, and dragged out to sea and lowered wdth the aid of a ship. At the outer end, 
the pipe is anchored to prevent movement, and is equipped with a flexible hose con- 
nection, supported at the surface by a fixed buoy. Tank ships anchored near by 
establish hose connections with these subterranean pipes and receive their cargo 
directly from tank storage on shore. 
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The pumping stations along an oil pipe line are generally standardized. 
Since the stations are usually spacec^ at approximately equal intervals, 
the equipment for all stations on the sime line may be practically identi- 
cal. The pumping station must be designed throughout to meet the 



Fig. 324. — DiaRrammatic lay-out of a typical steam-driven trunk pipe lino pumping 

station. 



Fig. 325 . — A typical California pumping station. 


peak load imposed by the transmission of the tl(\sired volume of oil under 
the most unfavorable conditions. Such conditions usually coincide 
with the coldest season of the year when temperature radiation losses 
from the heated oil in the pipe line are at a maximum. 

The design of the station will depend to a large extent upon the type 
of power adopted. Oil being the most readily obtainable fuel, it is almost 
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universally used as a source of power. In the case of pipe lines engaged 
in transporting the lower grades ^f petroleum, steam power developed 
by burning the oil under boilers commonly used, but in cases where 
the oil is too valuable to burn as fuel, it is applied more efficiently in the 
Diesel or semi-Diesel type of oil engine. 

If steam power is used, the pumping station equipment should be 
housed in two separate buildings, one for the power plant, and the other 
for the pumpiqg units (sec Figs. 324 and 325). This is necessary chiefly 
because of the fire risk, and fireproof construction should be followed 
'throughout. There may be, in addition, a gate house in which the valves 
and manifolds for trolling the flow of oil in the pipes leading to and 
from the station and the storage tanks are placed. Oil and water tanks 
are located outside of the buildings, the former at a safe distance. The 
oil heaters, too, are often placed outside of the station buildings, but near 
the pumps. 

In the ease of a tyj)i(*al California pumping station equipped for steam power 
and operating on an <S-in. pii>e line having a capacity of about 25,000 bbl. per day, 
the main plant units at (‘ach pumping station consists of the following 

1. Two 250-hp. water-tube boilers, placed in a brick setting with fireboxes 
arranged for burning fuel oil, together with the necessary auxiliary pumps and heaters 
for the fuel and feed water; hot wells, etc. 

2. One main pumping unit, (tonsisting of 26- and 42- by 30-in. liorizontal, cross- 
compound Corliss steam engines, direct-connected by cross-yokes and side rods to a 
four-plunger, O^i- by 30-in. cast-steel oil line pump, capable of pumping 1,200 bbl. 
of oil per hour against a pressure of 800 lb. per square inch. 

3. One 10- and 30-in. — Tj i- by 24-in. horizontal duidex, compound, direct-acting 
oil pump for auxiliary service, capable of pumping from 12,000 to 15,000 bbl. of oil 
daily at. 800 lb. per square inch j)r(*ssure. 

4. Two (or more) cylindrical oil lieaters equipped witli steam coils of adequate 
heating surface to heat 1,200 bbl of oil ])er liour from 00 to 160°F. Exhaust steam 
from the pumping engines is used for heating the oil. 

5. Two 37,500-bl)l. steel oil tanks for oil storage. Storage is essential at each 
station to take care of the incoming oil in case rejiairs involving a brief interruption 
in pumping service are necessary. A 1,200-bbl. steel tank for the storage of boiler 
feed water, and two 100-bbl. tanks for gaging and storing oil used for station purposes 
will also be needed. 

6. Incidental equipment: A dynamo for elc(dric lighting; an ice machine; shop, 
tool and repair ecpiipment; fire and general utility pumps; bridge crane to facilitate 
repairs over pumps and engines. 

7. Buildings: Galvanized iron, wooden frame buildings are suitable, though if 
it appears that the field which tbe pipe line serves will be productive over a long period 
of years, a more pennnnent Ivfie of building of brick with concrete floors may be 
warranted. 

When a station is ccpiipfied with oil cngine.s, no steam-generating equipment 
is, of course, necessary, and Ihe design of the pumping plant is much simplified. Oil 
engines of the Diesel and semi-Diesel type have been widely and successfully used in 
equipping most of the recently built pumping stations in the mid-continental and gulf 
coast region. Both two-cycle and four-cycle engines, and engines of both the hori- 
zontal and vertical types are in use, but the four-cycle horizontal engines are becom- 
ing increasingly popular. The following arc typical installations:® 
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1. A pumping station on the Texas Company’s line at Sour Lake is equipi)ed with 
four 150-hp. Snow engines, each geared (iircctly to 8?^- by 12-in. Gould vertical 
triplex pumps. J^ach pump has a capacity l)f 350 bbl. per hour. They are designed 
to operate at about 75 per cent of their rated power output, and arc geared directly 
to pumps of cither the vertical triplex or horizontal duplex type. The initial pipe 
line pressure applied varies from 350 to 700 lb. ])er stpiarc inch. 

2. In tlie same district, the Magnolia Petroleum Company uses De La Vergne 

100- and 150-hp. engines, direct geared to National Transit vertical triplex and hori- 
zontal duplex power pumps. I’he Hull Station, owned by the Magnolia Company, 
which contains three 150-lip. units and three 100-hp. units is reported to operate on 
from 8 to 10 bbl. of fuel oil per day. ^ 

Further description of oil engines of the tvj)e used in miinping service will be 
found in Chap. XIV. / 



{From U . S. t\dcral Trade Com'miKKtan'it Hull ) 

Fkj. 320. -Hoiizorital pumping unit, Wood Station, Oklahoma ri])c Lino Co. 

The pumping units employed are usually of the horizontal, reciprocating piston 
type, with outside paciked j)l lingers, though vertical piimiis are giving satisfactory 
service on some mid-continental lines. The design will naturally vary somewhat 
with the tyi^e of power used. The steam-driven pump will be found more flexible 
in meeting variable speed and power requirements, but consumes nearly twice as much 
fuel as a direct^connected Diesel engine installation, even though a triple-expansion 
steam engine is used. The pumps should have large valve openings, iiarticularly if 
they are to handle viscous oils. Figures 326 and 327 illustrate tyiiical pumping 
units for main trunk line service. That illustrated in Fig. 326 moves 1 bbl. of oil 
with each stroke. 

Telephone System.— In order that there' may be an adequate means 
of prompt communication between different pumping stations and other 
points along the line, a telephone line is constructinl paralleling the pipe 
line. Permanent telephone sets are provided at each pumping station, 
and portable sets may be connected with the line at any desired point. 
Such a means of communication is practically a necessity from the 
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standpoint of security in operation of the pipe line, and is a great con- 
venience to the station attendants, line walkers and oil dispatchers in 
communicating with each other, j he pipe line operations are usually 
controlled by a dispatcher located at the field end or at the initial pumping 
station, who is in communication at all times with every station along 
the line. 



{From V iS* Federal Trade ContmtasKyns Hull ) 


Fio. :^27. — Vertical cylinder, triplex p<>wer piiini).s, (Irayson Station, Gulf Pipe Line Co. 

Testing the Line. — After comf)letion of a new pipe lint* it is customary 
to subject it to certain tests before it is placed in service. A “go-devil,” 
or scraping device, is pumptnl through the line to make certain that it is 
clear of obstructions. Each operating division, in turn, is tested for 
leaks and defective joints, by filling the pipe with water and applying 
pump pressure somewhat in excess of that at which the lira* is to operate. 

Pjce Link Opkuation 

The determination of the most efficient operating conditions requires 
a close study of all factors involved, so that a n^asonably uniform per- 
formance will be maintained at each station. J^iiice variation in the 
type of oil pumped may seriously alter the viscosity-temperature relation- 
ships, and hen(!e the pumping pressures and delivery volume, an effort 
is made to keep the oil carried by a particular line as uniform as possi- 
ble. In cases where the field which the line serves produces several 
different grades of oil of differing market values, this may be a difficult 
matter if there is only one pipe line. Usually, however, particularly if the 
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market values are not influenced by differences in gravity, it will be 
possible to secure practical uniformly in the oil handled, by blending. 
In any case, it should be possible to iandle the various grades in runs'’ 
of 100,000 bbl. or more so that operating conditions will not be con- 
tinually changing. 

Because of the irregularity in flow conditions within the pipe, it is 
impossible to maintain separate ‘‘runs'’ without a certain degree of 
admixture during transmission. This, however, in the <jase of 100,000- 
bbl. runs, should not influence more than about 10 per cent of the oil 
pumped. • 

Since the radiation losses from the heat(ul oil wiJJ^ normally be greater 
in winter than in summer, the capacity of the line under a given set of 
operating conditions will be greater during the warmer season. Vari- 
ations in temperature losses may be offset, howciver, by varying the 
initial temperature or the pumping pressure. Greater initial pressure 
may be secured by operating the pumping unit at higher speed, or by 
bringing auxiliary pumping units into service. 

Continuous operation of the line without interruptions in service is 
an important factor in securing operating efficiency. The greatest load 
is encountered when pumping is resumed in a pipe line after an interrup- 
tion in service. At such times oil at rest in the pipe has had time to cool 
until it ai;)proximat(^s pn' vailing ground temperatures. On resuming 
operations, th(' pumps must for a time work against the resistance of a 
long plug of viscous oil which will greatly reduce capacity until the lines 
are cleared and normal operating temperatures are secured. Under 
such conditions, an auxiliaiy pump, which can be operated in series with 
the main pumping unit, will be of great assistances. 

Prior to shutting down a pumping division, some pipe line operators 
pump hot water int o the line until all the oil has been forces! out.® This 
water can be readily moved when it is desired to resume operations, first 
pumping heated wat(M’ until normal operating temperatures are attained 
in the line, when the pump suctions are switched fiom water to oil. 

In dealing with heavy viscous crudes, it is desirable, from the stand- 
point of efficiency, to op(Tate the line at as near full capacity as possible. 
A rate of flow of at least 3 ft. per second will be desirable in such cases. 
Operating pressures and power consumption may actually be greater at 
low speeds and capacities than at full capacity, due to the greater time for 
heat radiation in the former case. Experienced operators will move 
“runs” of heavy crudes through the lines at high speed even though the 
pumping equipment must be forced to accomplish the more rapid 
transmission. 

The labor employed at a typical California pumping station on an 
8-in. pipe line handling a maximum of 25,000 bbl. of oil per day involves 
the services of eight men working on 8-hr. shifts or “towers,” one boiler 
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attendant and one pump room attendant on each shift, and a foreman and 
gager working only one of the threq shifts. 

Looping. — When an existing pipi line is no longer sufficient in capacity 
to meet the demand put upon it, a situation which often develops when 
the field served by the line suddenly increases in productivity, an expe- 
dient called “looping” is sometimes resorted to for the purpose of increas- 
ing the carrying capacity. This consists in laying and connecting several 
miles of addiiipnal pipe, parallel and connected at intervals with the 
original line. 

In eastern United States practice, handling constant-temperature oil, 
it makes no different^ whether the loop is cut in at the pump end of a 
pumping division, or the terminal end; but in cases where the oil must be 
heated to facilitate flow, it makes a material difference. The loops 
should in the latter case b(i constructed at the terminal end and not at 
the pump end. The reason will bo readily apparent when it is remem- 
bered that the loss of heat is proportional to the radiating surface of pipe 
exposed to the earth, and is a function of the difference in temperature 
between the oil and the earth ; therefore, if the loop is installed at the head 
or hot end, the heat loss will be greater and the average temperature 
lower. Furth(*rmore, i\w added capacity is of greater advantage where 
the oil is colder and the viscosity greater. 

Using two different sizes of pipe in ihv (;onstruction of a single pipe 
line is another device for rcMlucing pressure loss and increasing capacity, 
and is a very useful method of obtaining a desired result at the lowest 
expense, particularly in original construction. In handling heavy oils, 
considerabh' economies in construction are realizcal by using larger pipe 
at the receiving end of each pumjnng division, where the oil is colder 
and therefore mon^ viscous. For example, in the case of a pipe line 
built in ("alifornia, by using 10-iii. line pipe on the latter third of each 
pumping division of an otherwise 8-in. line, it was found possible to space 
the pumping stations mil(\s farther apart than that necessary in the 
case of an all 8-in. line. This resulted in the elimination of two pumping 
stations in a line 170 miles long and a net saving of S250,000 in the initial 
cost.- 

The cost of pipe line transportation of petroleum will, of course, vary 
widely with the character of the* oil, the size of tlu^ pipe, the form of power 
used and other variables. 

The following figures* give the first cost of ii pipe line 170 miles long, constructed 
in central California in 1915, Two-thirds of the line eonsisia of 8-in. — 29.2-lb. line 
pipe, and one-third is lO-in. — 41.r)-lb line pipe. There are eleven pumping stations 
along the line, the main equipment eomprising 22— ~250-hp. Heine boilers, eleven 
high-duty, crank-ami -fly wheel-ty])e oil pumping engines, eleven auxiliary direct- 

* U. 8. Federal Tilmie (k)MMis.moN^, “Report on J’aeific Coast Petroleum 
Industry,” Pt. I, 1921. 
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acting oil pumping engines, twenty 37,500-bbl. oil .tanks, eleven 1,200-bbI. water 
tanks and eleven steel buildings. 

Cost of a 170-mile CJilifornia Pipe I^ine 


Item 

Amount 

Land 

$ 42,395.44 

Rights-of-way ... 

. . . 97,159.74 

Line pipe .... 

735,498.78 

Line pipe fittings 

29,757.12 

Pipe line construction . 

. . . %31,919.36 

Buildings ... 

. . 362,167.33 

Boilers . . 

130,192.78 

Engines and pumps 

. ✓ .372, 708.. 37 

Water supply 

141,632 07 

Electric wiring 

9, .528. 23 

Miscellaneous and tanks 

22,783 95 

Piping . 

185,579.68 

Auxiliary machinery 

146,461.36 

Oil tanks 

295,492.64 

Delivery facilities. . 

8.36.83 

Telegraph and telephone lines 

67,637.91 

Highway equipment 

18,480.91 

Other property . 

5,084.77 


Total cost $3,10.5,317.27 

Cost per mile . 18,796 .57 

The pipe lino skirts the foothills of th(‘ (bast Range, attaining a maximum eleva- 
tion of 95.5 ft. The pii)C was laid largely by machine methods. Transportation of 
material was faeililat.ed by m‘ar-by railrojids and highways. It is operated as a 
hot-oil tine, and has a maximum (apacity of about 30,000 bbl. of 23“Re. oil daily. 

The following figures sliow the capital eo.st of two otlier California pipe line 
systems: 


Capita!. Cost of ('atjfoiinia Pipe Lines* 



I 

! Milo- 

1 Total 

j (>>st per 


(bmpany 

age 

1 cost 

I mile 

j Remarks 

i 

Union Oil Company of (bli- 




Built in 1917. Fig- 

fornia. 

420 ' 

$9,050,140 

.$21,500 

ures include cost of 





j large storage facili- 





ties. 8-in. pipe. 

General Pipe Line ( birijiany 

212 ' 

4,9.30,495 

2.3,250 

Constructed in 1912. 




1 

£ ' 

8-in. pipe. 

* These figures include tlie cost of pumping stations spaced at 

; an average distance 


of 133'^ miles. 

These construction costs exceed the cost of similar development in the mid- 
Gontinental fields. The average cost of building 2,196 miles of 8-in. pipe line from 
the oil fields of Oklahoma, Texas and Louisiana to port,s tm the Gulf of Mexico, has 
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been about $6,400 per mile, varying from $5,700 to $6,970. These costs do not 
include the cost of inimping stations, i\hich averages $126,800 per station. The 
latter figure is the average cost of 43 stations, individual costs ranging from $83,700 
to $162,250. These are prewar figures. “ 

The following figures give the operating cost for certain large oil pipe line systems 
in the mid-continental fields during the year 1913: 


Cost of Pipe Line Tkansportation op Petroleum, Mid-continental Pipe Line 

Systems, 1913 


System 

■ ^ 

Thousand -barrel 

Cost per 1,000- 

miles 

bbl. mile, cents 

Prairie ..... ... 

16,844,844 

15 81 

Oklahoma-Ijouisiana 

2,203,850 

34.28 

Gulf. . 

4,303,902 

36.29 

Texas 

3,928,530 

39.63 

Magnolia . . . 

1 1,671,166 

, 44.23 

Total and av(‘ragc 

! 28,952,292 

25.13 


The following figures indicate the cost of pipe line transportation of petroleum in 
California; 

1. The Standard Oil Company of California operates pipe lines carrying two 
grades of crude petroleum from the San .Joaquin Valley fields to Richmond, a distance 
of about 300 miles, 'i'he cost varied from 14.2 cts. per barrel in 1914 to 21.3 cts. per 
barrel in 1919, for light oil (about 24”Bc.); and from 15.4 c4s. in 1914 to 23 cts. per 
barrel in 1919, for heavy oil (15°Bc.). 

2. The Associated Oil Company operates an 8-in. jiipe line from the San .Joaquin 
Valley fields to .Avon, the cost jier barrel pumped varying from 11.5 cts. in 1914, 
to 22.1 cts. in 1919. The distance is about 280 miles. 

3. The 8he]l Company of California ojierates a ])ipe lino from the Coalinga field 
to Martinez, a distance of about 170 miles. The cost varied from 18.9 cts. per barrel 
in 1915, to 10.8 cts. in 1919. Two-thirds of the line is of 8-in. pipe and one-third is 

10- in. 

Regulations Governing Common Carrier Pipe Lines. — By law, the 

011- carrying pipe lines of the United States have bec^n declared common 
carriers, and as such have beim placed under the jurisdiction of the 
Interstate ('omrnerce (^immission and tlie various state railroad com- 
missions. Pipe line companit^s must receive oil for shipment when and 
where offered, but numerous restrictions are imposed which in many cases 
practically nullify the shipping privilege which the law is intended to 
convey. 

In addition to numerous special regulations on different pipe lines, 
there are several conditions generally imposed upon pipe line shippers: 
(1) The minimum quantity that will be accepted for shipment varies 
from 10,000 to 100,000 bbl. (2) The individual shipments must be of 
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the same kind and gravity of oil, and impurities (sand and water) may 
not exceeid 3 per cent. (3) Transportation companies do not bind them- 
selves to deliver the identical oil received for shipment, but merely equiva- 
lent oil. (4) Most schedules provide that a pipe line company may 
deduct 2 or 3 per cent to cover oil lost in transit. 


RAILROAD TRANSPORTATION OF PETROLEUM 


As stated elsewhere in this chapter, more than 9 ^)er cent of our 
domestic production of crude petroleum is transported from the fields 
in which it is produced by railroad tank cars, practically all of the 




{After Railway Age Gazette and American Car it* Fnundry Co.) 
Fi(3. 32 K. — Elevations and plan of a typical tank car. 


natural-gaK gasoline and “lops” distilled from the crude in field topping 
plants is transported to the market ccntisrs by the same means. Since 
the producer shares with the railroads the responsibility of loading and 
preparing such products for shipment, it is essential that he b(; informed 
on the nature of the equipment used and the regulations governing this 
method of transportation. 

Railroad oil tank cars vary considerably in size and in detail of design. 
Capacities range from 6,000 to 14,500 gal. The oil container consists of 
a horizontal cylindrical tank with cup{K!d or spherical ends, strapped to 
the bed of one or another of the several types of railroad flat cars. The 
cylinder is substantially built of riveted or welded steel plates, designed 
to resist all strains to which it may ordinarily be subjected. These 
include not only the dead load of the oil and the stresses imposed by 
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the movement of the car, but in addition allowance is made for a 
pressure of 60 lb. per square inch which may develop within the car as 
a result of the vapor pressure of thp liquids carried. Fig. 328 illustrates 
a typical design that is widely used. 

Oil is charged into the tank through a connection on the turret.^® 
This turret serves also to provide an air space above the main body of the 
oil into which the oil may expand in case it is subjected to higher tempera- 
tures than those prevailing at the time and place of loading. Gas freed 
from the oil during transportation also accumulates in this space and is 
allowed to escape through a connecting blowoff valve in case the pres- 
sure exceeds that foiyvhich the car is designed. Oil is discharged from 



Fig. 329. — A typical loadinR rack. 


the tank through a valve in the bottom placed either at the center or at 
one end. Some tanks are equipped with steam coils which may be 
supplied with live steam from the locomotive, thus reducing the viscosity 
of the oil and facilitating its discharge. Without steam equipment, the 
unloading of heavy viscous oils in cold climates becomes tedious. 

When oil is regularly shipped in large quantities by tank car, it is 
customary to erect a special “loading rack’' to facilitate the filling of cars. 
This consists of a pipe line at one side of and paralleling the railroad track, 
and elevated so that it is a few feet above the tops of the turrets on the 
cars (see Fig. 329). (Connections with suitable valve controls are pro- 
vided at intervals along the pipe, spaced apart to conform with the stand- 
ard length of the cars. By this means, an entire train of cars may be 
loaded from the same pipe line at one time. Connections made of loose 
sleeves and elbows make possible the necessary adjustments to conform 
with slight variations in the posilion of the cars and turrets. The flow of 
oil into the cars may be accomplished by gravity if the storage tank 
connecting with the pipe line is placed on a near-by hill at an elevation 
above the point of discharge. If the terrain is too level to permit of this 
an oil line pump must be installed. 
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In certain regions of the United States, ‘the cost of railroad bulk 
transportation of petroleum, to the shaper, averaged 3.236 cts. per ton-mile 
in 1920 to 1921.* Because of the high cost of rail transportation, this 
method of shipping is used only where pipe line facilities and waterways 
are not available. The method is used chiefly in distributing fuel oil 
and refined products to inland points by the marketing agencies; but 
also, to a considerable extent, by the railroads in meeting their fuel 
requirements. • 

Regulations governing the transportation of petroleum by rail have 
been issued by the American Railroad Association, with the endorsement 
of the Interstate Commerce Commission. Tank €ars must be free from 
leaks, and all valves, dome coven’s and valve caps must be in good condi- 
tion and provided with suitable gaskets. The car must be equipped with 
a mechanically controlled dome cover, which cannot open while the car 
is under pressure. Brakes, journal boxes, trucks and safety appliances 
must be in proper condition for service. 

The vapor tension of the oil shipped may not exceed 101b. per square 
inch at a temperature of 1()0°F.; and it is not permissible to use a tank 
car for shipping oil that has a lower flashpoint than 20°F,, unless it has 
been tested under a hydrostatic pressure of GO lb. per sejuare inch, and 
unless it is equipped with safety valves adjusted to operate at 25 lb. 
pressure. The car should not be entirely filled, a vacant space of at 
least 2 per cent of the total capacity being left to permit of expansion of 
the oil in case of temperatvire variation. The car must be labeled with 
suitable placards giving warning of the inflammable nature of the contents, 
and containing instructions concerning tht* jumper method of unloading 
and fire protection. 

WATER TRANSPORTATION OF PETROLEUM 

Water transportation of jietroleum is seldom a matter that concerns 
the producer directly, and for this reason no description of the various 
types of tank ships and barges used will be olTered hen^. The producer 
usually has no responsibility in the loading and operation of such vessels, 
and has no direct interest beyond the tankage which provides the neces- 
sary storage at the shipping point, and the piping which serves to connect 
the storage with the piers or offshore connections. These offer no unusual 
problems beyond those discussed elsewhere in this volume in connection 
with storage and pipe line transportation of petroleum. 

f 

MOTOR TRUCK TRANSPORT OF PETROLEUM 

Motor truck transport of petroleum is used by the producer only to a 
limited extent, particularly in moving relatively small quantities of 

* American Petroleum Institute, Bull. 17G, 1921. 
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gasoline or fuel oil to wild-dat wells or other out-of-the-way locations not 
equipped with pipe line facilities. Except in the handling of productions 
too small to justify the building of a*^pipe line, motor truck transportation 
is seldom feasible from the economic point of view. The cost averages 
about ct. per barrel-mile under favorable conditions. 
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AUXILIARY PLANTS AND DEPARTMENTS 

The oil-producing property must usually be e(iuip^)ed with many 
facilities that make it practically independent of outside assistance oj: 
services, except for supplies and equipment. The employees must often 
live as a detached community, apart from the org^iized system of group 
service that characterizes ordinary city and town life. Both for the 
conduct of its direct activities in the production of oil and gas, as well as in 
providing for the comfort and well-being of its employees, the oil company 
must provide many and diverse facilities. Then; must be. well equipped 
shops to care for the necessary repairs to equipment, and to fabricate and 
assemble much of the new equipmemt and tools used in the operation of 
the property. Buildings of various sorts must be provided to house 
equipment, supplies and p(!rsonne,l. There must be well-equipped offices, 
a laboratory and a drafting room to accommodate tlu; clerical and tech- 
nical staffs. Transportation (•(piipment must be provided to facilitate 
the movement of men, tools, supjdies and equipment about over the 
property. Oftem the company must develop its own water supply, 
lighting plant, power plant and telephone system. Fire protection must 
be given careful attention and one or more watchmen must be employed 
to police the property, particularly at night. For the convenience of 
employees living on the propertj^ it will be necessary to erect and 
maintain ilwellings, hotels, a store; and if the size of the community 
justifies, perhaps also a school, a church, a recreational center and a post- 
office. The officials of the com{)any may even be calk'd upon to exercise 
a paternal influence in the government and control of the working com- 
munity. These varied activities add greatly to the problem of operating 
the property; and while apparently of minor importance, yet may be 
vital to .success. 

The shops constitute an important adjunct in the op(;ratioii of an oil 
property. The ability to reqiair equipment promptly when necessary 
often means the saving of large sums of money. Tools and equipment 
must be kept in rejjair if the most efficient service is to be had from them. 
Much of the construction work incidental to ('xpansion and replacement 
of worn-out plant units can be taken care of without outside help. The 
well-equipped oil-producing property must have its own machine shop, 
forge shop, carpenter shop, electrical shop, boiler shop, pipe fitting shop 
and tool sharpening shop. The variety of work to be done and the intri- 
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cate nature of much of it requires the best of equipment and highly skilled 
personnel. Much of it is heavy work, and the shop equipment provided 
must be rugged and substantial, hig^-powcred and of large size. 

The machine shop must have one or more lathes, planers, drill presses, 
milling machines, bolt cutters and the miscellaneous equipment of small 
tools to take care of an infinite variety of repair jobs. The repair and 
manufacture of drilling tools and tool parts ordinarily occupies a large 
part of the attejition of the machine shop force during the development 
period, and in connection with the operation of pumping wells, the repair 
of engines, pumps and pumping equipment often requires the attention 
of skilled mechanics ^nd shop facilities. If any construction work is in 
progress on the property, the machine shop force is apt to have an impor- 
tant share in it. 

The forge shop is customarily equipped with gas or oil-heated forges — 
preferably the former — at k^ast one being of large size, with a steam ham- 
mer for heavy forging, with suitable tempering equipment for use with 
largo tools of special steels, and with the usual variety of anvils and small 
hand tools for routine forging. The forg(i shop force will participate in 
much of the repair and construction work mentioned above in connection 
with the machine shop, and if drilling is in progress on the property, will 
often bo recpiired to take care of routine tool sharpening, the dulled bits 
being brought from the drilling rigs to the shop for the purpose. 

The pipe shop serves a useful function in the conduct of the work of 
the average oil-producing property, because of the large amount of pipe 
and casing used. The pipe shop should be equipped for cutting threads 
of all kinds on pipes of all sizes, and high-powered pipe-threading 
machines capable of handling the largest sizes of casing should be 
provided. There should also be equipimuit for cutting, bending and 
straightening pipe. Oxyacetylene welding apparatus will be an 
important part of the pipe shop equipment, since much pif)e work in the 
oil fields is now connected with welded joints rather than screw joints. 
The pipe shop force may be called upon to do much of its work in the field, 
though the preparation of the material and machine work is necessarily 
done in the shop. 

A large company will find it advantageous to operate its own sheet 
metal shop, with facilities for repairing boilers, fabricating small and 
moderate-sized steel oil and water tanks and other like work. Such an 
establishment should be equipped with high-powered sheet metal shears, 
punches and rolls for bending heavy plates to cylindrical form. 

A timber yard and carpenter shop is often provided, with facilities for 
framing rig timber and other woodwork. A small wood lathe, a planer, 
a band saw and circular saw arc useful in such a shop. There is always 
sufficient routine carpenter work about a property of any size to keep one 
or more carpenters busy, and at such times as erection of buildings, rigs, 
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jack-line structures and other timber work is in progress, the force may 
have to be temporarily augmented. 

Power Plant. — The power need| of the oil producer have been 
adequately described in Chap. XIV, but reference should be made at 
this point to what is regarded as the nerve center of the mechanical plant 
— the central power house. The equipment of the power plant will of 
course vary with the type of power and form of fuel used. Steam power 
and gas engine power are common. In the former case, water-tube 
boilers fired with natural gas, fuel oil or crude oil will be*employed, and 
every effort will be made to equip the plant for continuous and efficient 
service. Steam will be transmitted from this central plant through well- 
insulated distributing lines to the near-by wells, shoffs, dehydrating plant, 
pumping plant, natural-gas gasoline plant, topping plant or wherever 
steam may be needed for the development of heat or power. 

Within the power house, or in a building immediately adjoining, will 
be placed a steam engine of sufficient size to develop power for operation 
of an electric dynamo, and perhaps also, gas or air compressors, vacuum 
pumps, water pumps, oil pumps and such other power-driven mechanical 
equipment as can be conveniently grouped in the central power station. 
Power may be transmitted from the central power plant in other ways 
than by steam transmission. For example, compressed air developed by 
the operation of air compressors within the power house may be used in 
operating air lifts in the near-by wells; or electric power generated in the 
power house may be used in operating motors in the shops, at the pump- 
ing wells or wherever small power units may be necessary. The dynamo 
also serves a useful purpose in furnishing electricity for lighting through- 
out the camp and at all rigs. In or about the power house may also be 
grouped various other facilities of a mechanical nature, such as the boiler 
water treatment plant, an ice machine, gas meters and pressure regulators, 
oil and gas gathering line manifolds and controls. A limited number of 
power house attendants employed on regular shifts may thus look after 
all of the mechanical equipment, which if scattered, would require the 
services of additional men. 

If a gas engine is used to develop pow(ir in the power house, the steam 
plant can be dispensed with, but a steam plant is a useful adjunct in 
supplying heat and pressure where needed throughout the plant. Elec- 
tricity purchased from an outside power company may also supplant steam 
power, and adapts itself satisfactorily to most purposes. 

Transportation is an important clement of expense in the operation 
of an oil property, and of considerable economic^ importance in the con- 
duct of the work. Operations are often spread over a wide area. The 
company may operate a group of disconnected properties, some of which 
are several miles distant from the headquarters camp. While the more 
remote “leases’^ may be equipped with separate facilities so that they are 
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to a degree independent, there is always more or less transferring of 
equipment and supplies about from one property, or from one part of the 
property to another. Cleaning or repair equipment used at one well today 
may be needed at another well at the opposite end of the property 
tomorrow. There must be regular transportation service from the nearest 
railroad station in moving supplies from the railroad to the warehouse, and 
in transporting employees, baggage, express and mail. Certain company 
officials have occasion to move continually about over the property in 
inspection dut\es, and in visiting places where work is in progress. 
Gangs of workmen must be frequently shifted from one part of the prop- 
erty to another, wherever their services may be required. 

For all such purposes, prompt and rapid transportation is invaluable, 
and no more satisfactory means is ordinarily available than automotive 
transportation. The oil company commonly operates one or more 
motor trucks ranging in capacity from 1 to 5 tons, for heavy trucking in 
moving equipment and supplies and gangs of workmen, while each official 
whose duties carry him into the field will be provided with an automobile 
of a type adapted to his needs. Some of the freight handled, such as 
casing, for example, is bulky and heavy, requiring a powerful truck of 
large capacity. Tractors arc sometimes employed where roads are 
poor or unusually steep, or where large quantities of supplies may be 
moved with ^^trailers.’^ 

Some of the field organizations of th(' larger oil companies will operate 
from 25 to 50 or even a greater number of cars and trucks, and the aggre- 
gate daily mileage may amount to hundreds or even thousands of miles. 
Since the roads are often rough and the duty severe, the automotive 
equipment will require frocpicnt repair and continual attention. Most 
oil companies of any size employ one or more mechanics skilled in the 
repair of automotive^ equipment, and a special repair shop and adequate 
garage facilities must necessarily be provided. 

Communication between all important offices, buildings and working 
places is customarily by telephone. If there are a sufficient number of 
telephones in use, a C(mtral switchboard with an operator in attendance 
will be necessary. Often, however, a system of bell signals will serve 
in calling any of the telephones, which are then placed on a single line. 
The cost of the telef)hone system is soon repaid by the time saved in 
communication and by the promptness with which information may be 
transmitted and orders given in time of emergency. The property 
must also have telephonic communication with the outside world for the 
conduct of its business affairs, and for the general convenience of the 
employees. Radio telephony appears to have certain advantages for 
use on oil properties, particularly in establishing communication with 
wild-cat wells in outlying districts where ordinary telephonic communica- 
tion might be difficult or costly. 
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Administrative Offices. — Suitable accommodations and equipment 
for the administrative, technical and«clerical staffs must be made avail- 
able. A single structure, varying in lizc with the number of individuals 
employed in such work, is usually adequate to house the office staff; 
and there is considerable advantage in having convenient association 
of the several offices, because of the close relationship that necessarily 
exists between them. Such an office building should provide private 
offices for the manager, for the various superintendents* or department 
heads, for the chief engineer, resident geologist and purchasing agent. 
There must also be a large room or suite of rooms suitably equipped fof 
the accounting, cost-keeping, stenographic and clerical staff ; and a room 
or group of rooms for the use of the engineering department. 

Equipment and Work of the Engineering Department. — In addition 
to the individual desk equipment, the engineering department should 
be equipped with drafting tables and drafting equipment; with surveying 
instruments, equipment for blueprinting, and perhaps also a photostat, 
which will be useful in making reduced size copies of drawings, maps, 
sections, well logs, etc. Space must be reserved for a peg model, and 
for the filing of maps, drawings and records. 

The engineering staff will be required to assume various routine 
duties in addition to a great variety of special problems that may be 
assigned to it from time to time. Among the routine duties commonly 
assigned to the engineering staff will be the maintenance of graphic 
well logs; a peg model of all wells on the company’s and surrounding 
properties, and the care and preparation of fi(dd and property maps and 
geologic sections; the tabulation and graphic recording of production 
records for both oil and gas, and the routine work associated therewith 
such as the daily adjusting of meters and the computations of gas flow 
from meter charts. The planning and design of new additions to plant 
will be carried out in the engineer’s office, as well as the preparation of 
drawings of special tools and machine parts to be made in the shops, or 
in some outside foundry. Much of the work of the engineering staff 
will be conducted in the field — the supervision and inspection of all 
structural work, such as erection of buildings and tanks, the construction 
of roads, reservoirs, pipe lines and mechanical plants of all sorts. In 
addition, the engineering staff may be given the general supervision, possi- 
bly in an advisory capacity, of all drilling wells and of repair work on 
wells. Various investigative problems may be assigned to the engineering 
staff from time to time: investigations of the mechanical efficiency of 
various plant units, such as boiler plants, engines, compressors, pumps, 
etc. ; investigations of the losses and extent of utilization of natural gas, 
and of its gasoline content; evaporation and seepage losses of oil in 
storage; friction losses in pipe line transmission of oil and gas; studies of 
methods of securing maximum recovery of oil and gas from wells — these 
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and an infinite variety of other special problems are presented to the 
engineering staff for solution. • 

The resident geologist is often ^egarded as an independent official not 
directly related to the engineering staff, but if the engineering staff is 
supervised by a petroleum engineer, as it should be for best results, the 
work of the resident geologist may be considered a part of the duty 
of the general engineering staff. The work of the resident geologist 
consists primarily in advising in the development work, and in making 
such studies of underground conditions as may be necessary in connection 
Vith the development of the property. He frequently visits each drilling 
well to secure first-hand information useful in compiling the well logs. 
Samples of the formations penetrated by the wells and of waters pro- 
duced from different horizons should be preserved by the geologist in 
suitably labeled bottles for future comparison. He should have primary 
responsibility for the suitable preservation of the well logs, and will find 
graphic logs helpful in preparing geologic sections and structure contour 
maps. It should be his duty to locate new wells; to supply prelimi- 
nary information on probable depth to production, and to important 
marker horizons; to make correlations of the strata penetrated in 
drilling wells; and to prescribe the positions of water shut-offs. The 
maintenance of a peg model will be useful in such work. The geologist 
may also be called upon to make special investigations on various subjects 
in which a knowledge and understanding of underground conditions, 
stratigraphy and geologic structure are important. For example, he 
may be required to make a detailed study of a particular group of wells 
which are afflicted with water incursion, in order to propose remedial 
measures; or he may be assigned the task of computing and valuing the 
oil reserves, or of studying the palaeontological and petrographic 
characteristics of the various formations penetrated by th(i wells as a 
means of correlating structure. 

Space may also be reserved in the office building for a laboratory, 
though it is preferable to use a separate structure for this purpose if 
possible. This laboratory should be equipped with the usual instruments 
and apparatus employed in determining the physical properties of oils 
and natural gases, as well as with the ordinary chemical equipment used 
in routine analytical work. The laboratory staff will bo required to make 
daily tests for water content, suspended solids and gravity of all oil 
samples brought in by the oil gagers (see page 473). Water samples 
from the wells and from the water treatment plant will require laboratory 
analyses. If a natural-gas gasoline extraction plant or a topping plant 
is operated on the property, frequent control analyses of final and inter- 
mediate products will be required. Testing of various materials pur- 
chased for use on the property, to determine whether or not they conform 
to prescribed specifications, may also be a part of the laboratory routine. 
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A portion of the laboratory, equipped with microscopic and petrographic 
equipment, should be reserved for the use of the resident geologist. 
In addition to such routine analytical and testing work, the facilities of 
a well-equipped laboratory will be invaluable in conducting special 
research on problems of importance in the operation of the property. 
Studies of eorrosion of iron and steel casings and pipe lines, of boiler 
tubes and tank metals; studies of the setting qualities of cement used in 
cementing wells; of the properties of mud-laden fluids aqd their action 
in rotary drilling; of oil-water emulsions, their formation and dehydration; 
of explosives used in well shooting; of the mctallographic properties and# 
heat treatment of steel used in drilling tools — these and a great variety 
of other similar research problems have been receiving the attention of 
the field laboratory staffs of the larger oil companies in recent years. 

The Accounting and Cost-keeping Department. — The work of this 
department is discussed in greater detail in Chap. XX. The equipment 
used in such work is too well known to require extended description and 
comment, except perhaps to point out that it is economy to provide all 
modern labor-saving office appliances. Loose-leaf ledgers and books for 
the accounting records arc to be preferred to the ordinary bound variety. 
Card filing systems should be adopted for the primary cost records and 
related records, and substantial and conveniently arranged filing cabinets 
should be provided. Typewriters should be of modern type, with wide 
carriages, tabulating devices and equipped with special characters and 
symbols for engineering work, A dictating machine will be useful. 
(Calculating machines are invaluable in performing computations in 
connection with the accounting, cost-keeping and time-keeping records. 
A mimeograph or other duplicating machine will be useful in preparing 
duplicate copies of reports, cost records, notices and instructions to 
employees, etc. Files for correspondence, reports and records of all sorts 
must be of ample capacity, suitably arranged and adapted to their 
intended purpose. An office safe or vault for the storage of valuables, 
and preferably of sufficient size to receive the principal books of record 
and other valuable documents, is a practical necessity. 

The Personnel Department. — A comparatively recent development 
in the management of oil properties is the establishment by some of the 
larger companies, of personnel departments, charged with the duty of 
regulating industrial relations with their employees. To the personnel 
department is entrusted the engaging of all employees, the maintenance 
of personnel records and rating of employees for promotion. The 
fostering of friendly relations between the company and its employees, 
the planning and supervision of industrial welfare work and the preven* 
tion of accidents through education and “safety first” propaganda are 
among the other duties of the personnel department. 
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A typical organization, of this type maintains a field office at which all 
individuals seeking employment make application. Each applicant is 
required to give full particulars /joncerning his experience, education, 
age, nationality, previous employment, etc., and to give oral or written 
answers to a group of questions designed to test his knowledge of 
the particular occupation which he seeks. Each applicant is rated on the 
basis of this test and on his personal record, and in filling vacancies the 
individual having the highest rating in his particular classification is 
selected. Before entering the employ of the company, the applicant 
^must pass a physical examination administered by the company's 
physician, to determine whether or not he has any organic disease or is 
otherwise physically unfit for his selected occupation. The company 
operates a vocational training school in which employees may, if they so 
desire, receive instruction in technical courses designed to increase their 
knowledge and usefulness in their various occupations. Grades assigned 
in these courses, and ratings given by the foremen and superintendents 
every 6 mo., provide the basis for occasional reclassification of employees. 
Promotions and salary increases are based largely on periodical personnel 
ratings. If an employee has a grievance or desires a change of occupa- 
tion, he takes the matter up with the personnel department, which is 
supposed in such matters to occupy a judicial position between the 
management and the employees. A foreman or superintendent, wishing 
to discharge an employee from his department, notifies the personnel 
officer, who may either sever the individual’s connection with the com- 
pany, or offer him employment in some other department, as the circum- 
stances may warrant. 

Every effort is made to reduce accidents and illness among employees 
by educational work of various sorts. Prizes arc offered for safety 
first” suggestions. Competition is stimulated among the several depart- 
ments and working groups to secure the lowest accident rate. Occasional 
group meetings are held at which accident prevention in general is dis- 
cussed, specific accidents being analyzed by individual demonstration 
or with the aid of motion pictures. At such meetings also, employees 
are given instruction in first-aid, sanitation and personal hygiene. The 
company provides a well-equipped hospital with a physician and nurse 
in attendance at all times. 

In many cases also, the personnel department is expected to take the 
initiative in organizing the social activities of the community. Competi- 
tive sports are fostered, (^lub rooms and reading rooms are provided 
by the company and supervised by the personnel department. Many 
of the larger companies publish monthly magazines with the purpose of 
fostering loyalty among tlu^ employees, and a better understanding of 
industrial relationships. Regulations with respect to sick benefits, 
accident indemnity, retiring pensions, vacations and other similar 
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welfare provisions may be conveniently administered by the personnel 
department; and the company may* through this organization find a 
means of promoting more substantial* welfare work among its employees 
by interesting them in the purchase of homes, insurance, or of the 
company's stocks and securities on some cooperative basis. 

The personnel department should be provided with adequate quarters, 
but for psychological reasons it is better that this office be somewhat 
apart from the other administrative offices. The depariment can best 
serve its intended purpose if it has the full confidence of the employees, 
and an effort should be made to cultivate the idea that it represents their 
interests rather than those of the management. ^ The department is 
presided over by a personnel officer, selected primarily for his ability 
as an organizer and for personal leadership. This point of contact 
between the company and its employees is an important one, and care 
should be taken in the selection of the man to fill such a position. 

Technical Library. — For the use of the technical and administrative 
staff, it is desirable that the company should maintain a technical library 
containing the better known reference books on petroleum technology, 
geology, chemistry and general engineering. Files of government publi- 
cations on petroleum technology and geology, transactions and bulletins 
of the technical societies, statistical reports on the oil industry, trade 
catalogs and technical journals, will also be useful. Some of the larger 
oil companies, in their head(|uarters libraries, have found this work of 
sufficient importance to justify the employment of a librarian, who is 
required to index carefully and file all technical and statistical material 
bearing on the oil industry, and to prepare bibliographies and technical 
reports on specific subjects when requested to do so. 

The Store House and Related Appurtenances. — On the average, 
about 25 per cent of the cost of producing petroleum is represented by 
supplies and equipment consumed in the work. The sums annually 
expended for materials are therefore large, and the care and distribution 
of them becomes an important aspect of the business of oil production. 
Every article, no matter how small, represents money, and should be 
given the same care and attention as though it were actual cash. Bank- 
ing principles are applicable to stores as well as to money. Every item 
of merchandise is charged against .the store house when it is received, 
and the storekeeper is held responsible for it until it is issued on a requisi- 
tion signed by some authorized individual. 

Proper care of stores requires that a suitable ^yarehousc be provided, 
with protection against theft and exposure to weather. The warehouse 
should be a long, one-storied structure, surrounded by a platform on all 
sides, and with large sliding doors on the sides so that material unloaded 
on the platform can be trucked directly into the building without turning 
corners. For convenience in handling heavy freight, the warehouse 
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platform should, if possible, be on the same level as that of the bed of 
the truck, wagon or railroad car in which material is delivered or removed. 
In some cases arrangements are niade for driving motor trucks directly 
into the building, so that the unloading platform may be under cover. 
In this case an overhead traveling crane will be useful in moving heavy 
equipment directly from the delivery truck to its place of storage. With- 
in, the warehouse is equipped with suitably arranged tiers of shelving, 
bins or racks for the storage of the stock. In addition, open floor space 
must be reserved for the storage of unusually heavy or bulky objects, 
^and there must be ample aisle space for trucking materials to and from 
their place of storage. A systematic arrangement of stores should be 
worked out which will bring all similar or like articles together, and those 
in greatest demand should be most accessible. 

The storekeeper, who is made responsible for the care and issuance 
of all stores, has his office in the warehouse, and maintains a complete 
record covering receipt and issuance of all materials and of supply 
inventories (see page G18). Only the storekeeper and his assistants 
should be permitted to have access to the stores, individuals applying 
for materials on requisitions receiving them across a counter in the usual 
way. 

There must ordinarily be a division of stores, some material being too 
heavy or too bulky to place in the same building with other materials, 
while others must be stored separately because of danger or fire risk. 
Casing, for example, is usually stored on out-of-door casing racks; timber 
and lumber in a timber yard; coal and coke, if necessary on the property, 
may be stored in stock piles; bar iron, rails, small pipe, boiler tubes, etc., 
are conveniently stored in long, substantially built racks. Fluid supplies 
purchased in large volumes, such as lubricating oils and gasoline, should 
be kept in a fireproof oil house. Metal storage tanks, equipped with 
suitable drains and valve controls, should be provided for lubricants 
since the wooden barrels in which they arc shipped arc often leaky 
occasioning heavy seepage losses and increasing the fire risk. Explosives 
must be stored in a fireproof magazine, well away from other buildings. 

Small stocks of frequently used materials may, as a matter of con- 
venience, be kept on various parts of the property outside of the ware- 
house. For example, a small stock of bolts, nuts, washers, rivets, nails, 
waste, packing, etc., will be maintained in the machine shop for current 
use. Small quantities of lubricating oil must be in reserve at the various 
wells, in the power house, shops, the garage or wherever machinery is 
operated. Stock supplies of this character may be drawn in quantities 
sufficient for a week's needs by the several departments, thus relieving 
the store-keeping records of a host of small requisitions. In the case of 
a group of scattered properties, it will be advisable to maintain well- 
equipped branch store houses at each property. 
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The Tool Rack. — Tools, like routine supplies, represent money, and 
should be given the same care and attention as is customarily given to 
merchandise in the warehouse. The .variety of tools used on an oil- 
producing property is large, and a suitable place of storage should be 
provided. Usually a tool rack will be built for this purpose, as an adjunct 
to the warehouse, and the tools will be placed under the care of the store- 
keeper who charges them out and in as they are taken from or returned 
to the rack. A record should be kept of the location of ejich tool when 
it is not on the rack, so that if it should be urgently needed, the individual 
in charge of the tools would know exactly where to find it. The tools, 
stored are, for the most part, drilling and fishing tools, heavy and cumber- 
some, and for convenience the rack should preferably be on a platform 
built at the same level as the bed of a motor truck, with a roof overhead, 
but without walls. Timber supports make it possible to stand the tools 
on end for convenience in handling and inspection. Because of the 
great weight of many of those tools, a chain hoist suspended from a 
swinging crane or from a small traveling crane is of great assistance in 
handling them from the rack to the motor truck or other conveyance 
used. 

Water Supply. — An ad(*(iuate supply of water is absolutely essential 
in the development and operation of an oil-producing proi)erty. Aside 
from the necessity of a source of p)ure water for drinking and general 
camp purposes, it is necessary in the generation of steam power, in 
cooling gas engines and other types of internal combustion engines, in 
fire protection and in cooling towers used in connection with natural-gas 
gasoline extraction plants. Water is also necessary in the drilling and 
cementing of wells, particularly in rotary drilling, where the circulation 
of a large quantity of liquid iniist be maintained. 

If a sufficient supply of water cannot be impounded in reservoirs or 
secured from surface streams, it is usually possible to utilize ground 
water pumped from wells drilled for the [)urpose. The drilling of water 
wells and pumping of water therefrom may prove expensive, however, 
and the water is often brackish or even highly saline, requiring chemical 
treatment before it is suitable for use (see page 434). In some oil fields, 
local water companies, operating as public utilities, do a lucrative business. 

In addition to developing a supply of water, the oil operator is con- 
fronted with the necessity of accomplishing its distribution. This 
requires a carefully constructed system of piping leading from a reservoir 
or elevated tank to giv(^ the necessary pn^ssure, to the various points of 
use. Often the water must be initially pumped to' this elevated position. 

Electric Lighting. — Incandescent lamps provide the most satisfactory 
means of lighting, and current for this purpose is readily developed by and 
distributed from a generator placed in the power house. Aside from 
the superiority of the ordinary incand(\scent lamp in providing illumina- 
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tion for grounds and buildings, considerations of safety require its use in 
the vicinity of oil and gas wells, storage tanks, gas compression plants, or 
wherever inflammable vapor may be present. A lamp placed on the 
end of the beam at each pumping well serves to advise a distant observer 
of any interruption in pumping service during the hours of darkness, a 
considerable aid to the “pumper’^ in operating a group of scattered 
wells. 

Transmission of current for lighting purposes may best be accom- 
plished with an ordinary balanced three-wire circuit, using 110-volt 
- current to avoid the necessity for transformers. A two-wire system will 
be suitable if the distance of transmission is not too great. 

At wildcat wells remote from camp facilities and transmission lines, 
it is often economical to install a small steam-driven turbo-generator at 
the boiler plant which serves the well. Generators of this type will 
deliver 1 or Ij-^ kw., and can be installed and operated at small cost. 
Corisiden^d as a protection against fire, its initial cost bee^ornes negligible. 

Fire protection has been discusseul to some extent in its relation to 
high-pressure oil and gas wells in Chap. X, and the' prevention and control 
of oil tank fires has been discussed in Chap. XVIII, but other aspects 
of the subject should be mentioneel at this time in connection with the 
protection of buildings anel general canif) fae*-ilitie\s. A liberal supply of 
hand fire extinguishers of approved type, well elistribiiteel throughout 
the plant, is economy. Though builelings may be and usually are insured, 
there can be no insurance against the di'lay and inconvenience that results 
through the loss of an important plant uni(-, and tlu' knowledge that the 
plant is insured should not prevent the exercise of due vigilance and 
preparedness toward fire protection. In addition to the well-known 
soda-acid, carbonic-acid hand extinguishers, whi(di opc'Tate automatically 
when inverted, carbon tetrachloride (pyrene) and ^'foamite ’^froth-forming 
solutions (see. page 543) are now wid(*ly used. Pyrene guns are especially 
useful in offices, laboratories, power houses and shops in controlling 
small fires in the incipient stages. Foarnite solutions applied from hand 
pails, the two solutions being kept in separate' compartments of the 
bucket, uniting when thrown, are useful in extinguishing small fires 
extending over floors and surfaces of small open tanks. 

A large water main with fire hydrants located at strategic points 
should traverse the camp, particularly in the vicinity of the more 
important buildings and plant units. Fire hose of large diameter, con- 
veniently coiled or reeled for ready use, should be placed in weather-proof 
boxes near the water connections, or a hose cart kept at some central 
station may be equipped with a long line of hose for transporting water 
to buildings located at some distance from the water supply. If the 
water system is under low pressure, a high-pressure transfer pump may 
be placed in the power house and connected with the water main, to be 
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operated only in case of fire. A group of men trained in the use of the 
fire-fighting equipment and held accotintable for service in time of fire, 
should be within call of the power house fire whistle. 

Accommodations for Employees. — While not directly concerned with 
the development and operation of the property, the provision of boarding 
houses, bunk houses and dwellings is an absolute necessity if the property 
is remote from any town whore living accommodations may be had. 
Considerations of labor efficiency and contentment among "the employees 
require that this aspect of the oil company’s activities be not slighted. 

The boarding house is often operated by the company, with a manager 
or steward employed under salary, though many^ companies seek to 
avoid responsibility for (uilinary difficulties by leasing the facilities to 
outsiders. Board is provided for employees of the company at a stipu- 
lated monthly rate, which often enters as a consideration in the employees’ 
wage or salary agreements. It is sometimes stipulated, if other privately 
owned boarding houses arc operatc'd in the vicinity, that all unmarried 
men shall board at the company’s establishment. 

Sl(M‘ping quart('rs for emjdoyees should be comfortably furnished, and 
accommodations should be ample to prevent overcrowding. Rooms 
should be w(dl lighted and ventilated, and provision should be made for 
heating them during cold weather. In a warm climate, it is desirable 
to have wide verandas, double roof construction and other features, 
such as shower baths, tending toward warm weather comfort. Small or 
moderately large units of from 0 to 12 rooms each arc preferable to a 
single l)unk house, sinci' the latter is apt to be noisy and the fire risk is 
great(»r. In many cases, bedding is not furnished in th(» bunk houses, 
the occupants being n'cpiired to furnish their own ecpiipment evicept for 
the fixtures, sindi as beds, (chairs, mattresses, etc. 

Often separate* and more pret(*ntious accommodations arc provided 
for the administrative* and technical staffs, with well-furnished rooms 
cared for by a salaried attendant. Perhaps a cook will also be employed 
and a staff dining service maintained, so that the company officials may 
live entirely aj)art from the g(*neral group of employees. Such an 
establishment, if equipp(*d with surplus facilities, will serve? for the 
entertainment of visiting company officials anel guests. 

Cottage'S e)f four or five roe)ms are customarily built by the company 
for the accommodation of married employees. These arc generally 
rented unfurnished, anel are grouped together on a section of the property 
some*what apart from the inelustrial center of the camp, and from the 
general bunk houses pre)vided for unmarried men. Double houses, 
designed for the accommodation of two families, can ordinarily be built 
at lower cost than individual cottages of equivalent capacity. More 
commodious and better equipped houses are usually provided for the 
members of the administrative staff and their families, and these too, arc 
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located somewhat apart 'from the main group of buildings comprising 
the camp. • 

Some companies arc able to realize a considerable profit on the rentals 
and board money paid by employees for such facilities, but in many 
cases they arc maintained at cost, or even at a loss. It is undoubtedly 
a poor policy to give anything less than full value for money paid by 
employees for board, lodging and rentals, and some companies spend a 
portion of the* money allotted for welfare work among the employees, in 
^ improving these services. 

One of the first principles of industrial efficiency is that the workman 
must be reasonably 'contented with his surroundings. With the aim of 
making the camp surroundings more attractive, lawns, gardens and 
trees are planted, and one or more individuals may be employed in 
caring for them and in keeping the camp buildings and grounds orderly. 
A swimming pool, a baseball fi('ld and tennis courts will be j)opular 
features. 

('amp sanitation* is an important consideration, one that often 
receives ljut scant attention until the community is visited by a costly 
epidemic. The company physician should be asked to advise on matters 
of sanitation and general health conditions within the community, and 
the manageiiKuit should make every effort to provide the best })ossible 
facilities for improving conditions in this respc'ct. Sanitary toilets and an 
adequate system of s(‘wag(^ disposal should be provided. Garbage and 
general camp refuse should be systematically gathered and disposed of. 
Pools of stagnant water in the vicinity of the camp should be drained and 
mosquitoes and flies (exterminated. The water supply should be occasion- 
ally inspected and tcst(‘d. Individuals having contagious diseases 
should be promptly placed in the hospital and (juarantined. 

The Camp Store.-- For the convenience of employees on oil properties 
remote from towns and sourci^s of supply, it is often desirable to have 
within the camp, a store dealing in general merchandise. Such an cstal)- 
lishment may also conveniently serve as the camp post-office, express 
office and telephone excdiange. The company will in some cases operate 
the store und(U’ the direction of a salaried manager for ordinary com- 
mercial profits, but most companies prefer to lease the facilities to a 
reputable merchant. Operation by the company has the advantage 
that a plan of cooperative buying may be worked out, resulting in lower 
prices and greater satisfaction to the customers, and consequently 
indirect advantage to the company through less insistent demand for 
higher wages. Many companies prefer, however, to avoid the criticism 
that seems inseparable from company-operated institutions, by placing 
the store under independent management. Employees are usually 
given a limited credit at the store, the amounts due for merchandise 

* Bowie, C. P., Oil camp sanitation, U. S. Bureau of Mines, Tech. Paper 261, 1921. 
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supplied to individuals during each month being deducted from their 
monthly pay checks. 

Buildings for Oil Field Service. — ^hc type of building to select for 
oil field purposes will depend upon the use to which it is to be put, the 
climate, the fire risk and the probable life of the field. Many oil fields 
are so short-lived that only inexpensive, scmi-pcrmancnt structures are 
justified. For shop buildings, warehouses and power houses, a simple 
timber-frame structure, sheathed with corrugated galvanized iron, is 
well adapted. Such a building will be inexpensive, fireproof, and will 
have a life of from 10 to 20 yr. in most climates. Galvanized iron, how- , 
ever, gives poor protection against extremes of heat and cold, and is 
therefore not well adapted for office buildings, bunk^houses or dwellings. 
For such purposes, buildings of wood or hollow tile, with double walls 
and floors, should be provided. Building space is not ordinarily a factor 
of importance in oil camp comst ruction, hence buildings may be located 
well apart in order to secure the maximum of light and to reduce the fire 
risk. 



CHAPTER XX 


OFFICE METHODS AND RECORDS 

The importance of an adetiuate of reports, n^cords and 

^accounts as an aid in the management of an oil-producing property, is 
recognized by every engineer. A capable manager requires, first of all, 
an intimate knowledge of every detail of the operations undc^r his control; 
but due to the complexity of the business of oil production, and’the large 
scale upon which operations are usually conducted, it is often impossible 
for him to exercise direct personal control. Division of responsibility, 
with the creation of staff relationships, is a logical development of 
this condition; and with this comes the necessity for a well-coordi- 
nated system of administrative records and reports. Th(^ financial 
aspects of the oil company's business require also a complete accounting 
for all income and expense, in order that jnofits or losses may be accu- 
rately determined. Cost records must be devised and maintained to 
provide a basis for analyzing the work of various departments, and for 
distinguishing between the profitable and unprofitable elements of the 
business. For the same purpose, the production of the property as a 
whole, and of each individual productive unit, must be carefully recorded; 
and further, the disposition of the production must be known in detail 
in order that accounts due the company may not overlooked. Sup- 
plies, labor and miscellaneous services are necessary in operating the 
property, and in regulating payments to the individuals and agencies 
furnishing these commodities and services, a (careful record of their 
value must be preserved. 

In the oil field office it is customary to prepare and maintain six 
different series of re(U)rds which may ])e broadly classified as follows: 
(1) the accounting records; (2) the cost records; (3) records concerning 
the payment and distribution of labor; (4) records conc.erning the pur- 
chase and divstribution of supplies and power; (5) production n^iords; 
and (6) administrative reports. * 

Organization of Oil Companies. — The i)laniiing of a satisfactory 
system of records and reports requires that a definite understanding be 
reached concerning the responsibility and authority of all individuals in 
the organization, and of their relationship, one to another. When this 
has been satisfactorily determined it is well to record the resulting 
plan in an organization diagram. Fig. 330 presents a common form 
of organization for a large oil company. 
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The clerical work of the oil company staff fe usually divided between 
two (or more) offices, one group of executives and clerical workers being 
located in the field, on or near the pAducing property, while the other 
constitutes the personnel of the “home^’ office, located in the city in 
which the company has established its headquarters — usually a city in 



Fi(}. Organization diagram for a largo oil producing company. 


the state or country in wlii(;h the company is incorporated. Between 
these two office's there is necessarily frequent communication. In 
many cavses, the records and reports prepared in the field office are 
primarily for th(? advict^ of the head office officials. 


A System of Accounts for an Oil-producing Company 

In devising a system of accounts, it is important to have a sufficient 
number, so that the interests of every department or subdivision of the 
business are properly cared for, and so that no single account will have 
to serve more than one purpose. Since oil production is an intricate 
business, requiring many different activities, there must necessarily 
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{Accounts undcr-hncd may he further subdivided). 
Fig. 3H1. — Main ledger system of aceonnts for an oil producing company. 
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be a considerable number of different accounts. In Fig. 331 there is 
presented a diagram illustrating the* relationship existing between the 
various accounts of a typical main ledger system for an oil-producing 
company. Every account represents a separate department or interest. 
The arrows show the normal course of entries to and from the different 
accounts. It is advisable to prescribe the course of all ledger entries 
rigidly, so that all similar transactions will be recorded- in the same man- 
ner, and will take the same course through the accounts. Such a diagram 
standardizes the accounting procedure and largely eliminates the personal 
factor in such matters. * 

In explanation of the system of accounts illustrated in Fig. 331, it 
should be noted that all items of income and expense are provided with 
an account for primary entry. A group of creditors^ personal accounts 
take care of all credit entries, indicating the source of assets received, 
such as capital, labor, equipment, supplies and power. Appropriately 
named accounts provide places of entry for corresponding debit entries. 
A group of production and sales accounts provide a means of recording 
transfers of oil, gas and other assets to debtors’ personal accounts. The 
company’s various financial interests are represented in the system by a 
number of appropriately named capital accounts, and cash and securities 
accounts. As an aid in determining the cost of operating the several 
departments of the business, we must have a group of operating accounts. 
These yield prodiujtion that is directly responsible for the company’s 
revenue. Some departments are not in themselves productive of revenue, 
but arc engaged in supplying services of various sorts to the directly 
productive departments. These arc permitted to distribute their 
operating costs among the other departments to which they render 
service, and for this purpose we must have a group of “distributing” 
accounts. To provide a means of holding in abeyance certain capital 
expenditures for assets productive of revenue over a long period of time, 
and distributing their value over the period of their use, accounting 
principles require that we establish a group of suspense accounts. These 
include chiefly the plant, property and development accounts, which are 
permitted to make periodical transfers of charges against the operating 
and distributing accounts to cover depreciation of plant and depletion 
of property. 

The financial accounts comprise several groups. The capital accounts 
are concerned with stock subscriptions, assessments, dividends and other 
related matters involved in securing and refunding capital. The cash 
and securities group of accounts includes a variety of fund accounts 
provided for various purposes and others for recording interest returns and 
other sources of pecuniary income. As a means of determining changes 
in net worth, a profit and loss account is provided, under which expendi- 
ture is periodically balanced against income. The accounts receivable 
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and accounts payable accounts are not essential, but arc useful in bringing 
to a focus a large number of related transactions so that their aggregate 
influence on profit and loss may readily summarized. 

The expense accounts are accounts of primary entry for stores, labor, 
power and miscellaneous expense, and provide a means of determining 
total primary expenditure before spn^ading over the operating, distribut- 
ing, plant and development accounts. 

The distributing accounts include all accounts representing depart- 
ments which provide servic(\s of various sorts for other departments. 
•They arc not permitted to carry debit balances forward from one period 
to another, and henc(^ must distribute their operating expense periodically 
over the departments receiving the services which they provide. The 
basis for distribution will vary, depending upon the nature of the services 
rendered. In some cases, as in the shop accounts, distribution may be 
made according to comyrntations showing th(' actual cost of the work 
done; in certain of the distributing accounts, distribution of expense 
will be based upon the number of unith of service supplied, as in the 
electric lighting accounts; in others, distribution will be according to the 
quantity of oil handhui or produced, as in the oil dehydrating account; 
and in some cases, as in trucking, time spent will be found an equitable 
basis for distributing the expense. 

The Suspense Accounts and Related Accounts.- -Capital expended 
in purchasing and developing oil property, and in equipping it for opera- 
tion, is productive of revenue over a relatively long period of time, usu- 
ally throughout the productive life of the ])rojnu‘ty. Such expenditures 
often involve large' sums, and it would be o])viously unfair to charge them 
against the operating costs of the particular period in which the^y were 
incurn'd. A more equitable plan is that of holding th('m in suspense and 
prorating them on some suitable basis against the operating costs of the 
entire period over which the^y are of servi(*('. pjxpense incurred in the 
purchase and development of property and the provision of plant is 
charged against either the property account, the development account or 
the plant ac(;ount, as the case may be, and when the total cost of the 
development work or plant unit is determined, it is carried into a similarly 
named ^^imexpired capital outlay account. Here it is held in reserve 
over the period of use, pe'riodical charges being made on some suitable 
basis against th(' operating and distributing accounts through the depre- 
ciation and de])letion accounts. Expense repn^senting plant which is 
of service for a comparatively short period of time, say for less than one 
year, should be excluded from the suspense group and charged directly 
against the operating or distributing accounts as maintenance expense. 
Consideration of the nature of depreciation of oil field plant and depletion 
of oil property leads to the conclusion that the former should be charged 
oflf on a time (straight-line) basis, while the latter, as well as the cost of 
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development, should be written off in annual sums proportional to the 
quantity of oil produced ; that is, acegrding to the theoretical production 
decline curve of the property. White the sums to be charged against 
revenue as depletion and depreciation arc revised annually, the annual 
contributions so determined arc actually applied in monthly instalments, 
so that each cost period bears its proportionate share of the burden. 

The operating accounts arc those which are immediately productive 
of revenue. If full detail is n^quired, we must have a separate operating 
account for each well, and against this will be charged the cost of power, 
labor, materials, maintc^nance and minor repairs, depreciation, depletion* 
and miscellaneous distributed expense incurred ii^ operating that par- 
ticular well. The f)rimary purpose of this procedure is to ascertain the 
cost of operating each well, a figure which may be contrasted with the 
value of its production to d(^termine whether or not the operation of the well 
is profitable, and to what degree. In addition, wo must have as a 
member of the group of operating accounts, a genc^ral expense account, 
to take care of items of operating expense of so general a character that 
they cannot he allocated directly against any particular well or depart- 
ment. If the company is operating a natural-gas gasoline extraction 
plant or a topping plant on the property, there must also be additional 
operating accounts (covering these profit-earning activities. 

The income accounts include a group of production and sales accounts 
which record the income derived from the product of the property. 
Thus, we will hav(» an oil production account, a gas production account, 
an oil sales account and a gas sales account. The production accounts 
must be distinguished from the sales accounts in order to provide a means of 
accounting for product on hand awaiting sale. Oil and gas will bo debited 
under th(i appropriate })rodu(!tion accounts at cost value as soon as 
produced, and when sold, the production accounts will be credited and 
the value carried through the sales accounts and debited against the pur- 
chaser’s account. The unbalanced increment or decrement between 
cost of f)rodu(!tion and selling price will eventually appear under the 
profit and loss a(;couiit wh(ni expense is balanced against income. 

The Books of Account. — In addition to tlu^ conventional ledger, 
journal, day book and (jash book, a variety of other books and forms are 
desirable in facilitating the work of th(' oil company accountant. 

Miscellaneous side ledgers are useful in relieving the- main ledger of a 
host of minor accounts. For example, we may have a Sundry Creditors^ 
Ledger, and a Sundry Debtors’ Ledger, in which the accounts of com- 
panies, firms and individuals with whom we have dealings may be kept. 
In addition, books of lodger form arc usually provided to serve as a 
Stock Subscription Register and Dividend Register. Other side ledgers 
may be used for the relatively inactive plant, property and development 
accounts; and still another may be employed in recording the details 
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of plant depreciation and, property depletion. If full detail is desired 
in accounting for the cost of operaJLing each well and each department, 
it will be found convenient to maintain an operating accounts ledger and 
a distributing accounts ledger. By arranging that each one of these side 
ledgers shall be represented in the main ledger by summarizing accounts, 
the permanent record provided by the main ledger may be much 
simplified. 
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Fia. 332. — Tyi>ical form for plant dopreoiation record. 


The cash book should be suppleiiKuitcd by a Check Register in which 
a serial record of all checks issinnl is kept, while a voucher record book 
provides a similar means of kce})ing systematic account of vouchors issued 
in connection with the company’s internal business affairs. Separate 
accounts payable and accounts receivable books are useful in regulating 
the payment of bills and colk'ction of revenue. 

The primary record of expenditures for labor and supplies may con- 
veniently be a periodical form report. Thus, it may be arranged to have 
the time keeper or paymaster submit a monthly Payroll Summary, while 
the storekeeper presents a montlriy report of Stores Received and Issued. 
Such reports serve as a substitute for a group of accounts arranged in 
ledger form, and their total figures may be the basis for debit and credit 
entries made monthly in the main ledger. 

In recording depreciation of plant, a Register of Plant must be pro- 
vided, in which is entered the first cost of each plant unit, together with 
subsequent extensive repairs, replacements and renewals, so that the 
total investment may be determined (sec Fig. 332). Estimates are 
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made of the useful life of each plant unit afid of the depreciation rate 
in order that appropriate annual reductions in remaining service value 
may be computed. Annual surveys* of the plant should be conducted 
to determine the condition of each plant unit, and if original life estimates 
are found to be in error, they may be revised from year to year. The 
primary purpose of such a record is to spread the cost of plant in the cost 


Table XLVI. — Average Useful Life Periods and DEPitECiA,TiON Rates for 
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♦ After U. S. Internal Revenue Bureau’s " Manual for the Oil and Gas Industry under the Revenue 
Act of 1918” (with corrections). 
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accounting records, over the period of its use, as uniformly as possible. 
It is also useful, however, in detOTmining insurance premiums and in 
making income tax returns. Suftablc depreciation rates for various 
classes of oil field plant are given in Table XL VI, though it should be 
pointed out that such rates vary within wide limits, and that whatever 
rate may be initially adopted, it should be occasionally checked and 
perhaps altered from time to time to conform with actual apparent 
decrease in service value of the plant units. In the case of some long-lived 
classes of plant, the. useful life will be contingent upon the productive 
life of the property. 
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Fic*. 333. — Typical form for property and dcvcloi)n)ciit dcplotioTi record. 


Depletion of property may be recorded in a Property llegister, 
suitably arranged to display the total original cost of the land, plus the 
cost of drilling the wells and all permanent well eciuipment (sec Fig. 333). 
The ultimate production of the property is det(n-mined as soon as the 
decline curves can be workcnl out, and the depiction charge per barrel of 
oil is computed by dividing the total cost by the total production. This 
unit charge is later applied against each barrel of oil produced. The 
property register records the’ annual depreciation charges and the value 
of the remaining oil reserves. Natural gas production must also be 
included if it has commercial value. The depletion rate may be altered 
from time to time as changes in the apparent oil reserves may warrant. 
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The Cost Records 

• 

The cost records are closely relaitcd to the expense, suspense, dis- 
tributing; and operating accounts outlined above, and represent in one 
sense a detailed analysis of them. They are made up of carefully selected 
items of expense combined and arranged in such a way as to display in 
convenient units for comparison, the cost of each step in the process of 
oil and gas production, as well as the detailed cost of ^operating each 
department. (Jost data arc prepared primarily for the use of adminis- 
trative officers, engineers and others who are charged with responsibility 
for the efficiency with which the work is conducted^ and who are required 
to estimate the cost of new work. 

The elements of production cost are* three in number: (1) direct 
labor, or labor that is directly employed in production of output; (2) 
direct material; and (3) indirect expense, which is made up of certain 
labor and material charges that cannot be directly allocated against 
output, and mis(Hdlaneous other expense that docs not partake of the 
nature of eith(‘r labor or material. All cost records may be reduced to 
these elements, but ordinarily it is necessary to give further detail than 
is afforded by so broad a classification. Accordingly, in developing a 
cost record, we expand the three primary cost elements into a group 
sufficient in nunil)e,r to display fully the regularly recurring, major items 
of expense. 

Cost rc'cords may bo cojiveniently kept on either loosc'-leaf printed 
forms, or on cards arranged in card catalog form in a vertical filing 
cabinet. Tlu* lattcn* method is generally preferred for the primary 
records kept b^^ the cost keeper, but cost sheets prepared from the origi- 
nals for the use of executive's and others are usually reproduced on loose- 
leaf printed foims. A r)-in. by S-in. card is suitable for the use of the 
cost keeper. Thcise cards may be had in a variedly of colors, and may be 
printed or multigraphed to order with any desired arrangement of 
columns and headings. A suitable filing cabinet, or desk equipped for 
.card filing, is (‘sseiitial. 

In designing th(' (rost records, the needs of each department must be 
carefully studied to devise a suitable form for the record, to select the 
important items of (*xi)ense and to determine the most convenient units 
in which to express the results. Each record will necessarily differ from 
every other, but a certain measure of uniformity m size and arrangement 
of data is desirable. The forms reproduced in Fig. 334 arc typical. 

The cost keeper must depend upon indivithial and group reports 
from workmen or forennm in direct contact with the work for the primary 
distribution of labor expense. This information is made available by 
requiring individuals or foremen to prepare daily reports indicating the 
work accomplished during each hour or each “tour” (shift). The driller 
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Fig. 334.“ -Typical cost record forms. 

(The second form is conveniently kept on the reverse side of the card containing the first record). 
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in charge of a drilling well, for example, will submit a ‘'tour’' report with 
the names of the various members of his crew, the footage drilled, or other 
work accomplished, the materials used, etc. If several wells are in 
process of drilling at one time, the “tool pusher” or foreman in charge 
of drilling may be required to prepare a group report indicating the 
number of men employed, and the work to which they have been assigned 
for each tour. Work in process in the shops will be handled on an hourly 
basis, requiring the individual workmen to fill out reports at the end of 
each day, specifying the work accomplished and the time spent on each 
job. The various jobs routed through the shops are given serial numberi^ 
for convenience in reference. Rig building, pijje line construction, 
grading, road building and other structural work, will require special 
consideration in devising a series of reports that will give the cost keeper 
such information as he may need to assemble the cost data in the most 
convenient form. 

The storekeeper will be in a position to furnish complete information 
on the cost of materials used in different phases of the work, from the 
requisitions presented when the material is drawn from the warehouse; 
though in some instances, further particulars will be needed from the 
foremen in charge of the work. 

Distribution of power expense is often difficult. Methods of attack 
will vary with the kind of power used and the purpose for which it is 
used. If steam power is employed, and several plant units are supplied 
with steam from a central boiler plant, mciers placed in the transmission 
mains to each point of consumption will provide records of steam con- 
sumption, on the basis of which the cost of operating the boiler plant 
may be distributed. If electric power is used, wattmeters provide a 
ready means of recording the service given. If individual gas engines are 
used in pumping the wells, we may distribute the total cost of the gas 
among the several wells by taking occasional meter readings of gas 
consumed by each engine. We may approach the problem from another 
direction by studying the actual performance of the engine or motor 
used. In many cases an accurate distribution of power expense will be 
impossible, and the cost keeper must depend upon arbitrary assumptions 
of the percentage of total power consumed in each department. 

Similar difficulty is experienced in distributing certain kinds of over- 
head expense. In the shops, for example, there is a considerable element 
of general expense, including such items as salaries of foremen and general 
helpers, small routine shop supplies, power used in driving shop 
machinery, maintenance and upkeep of shop equipment. Such items 
may reach a high percentage of the total cost of operating the shops, and 
must be distributed among the various jobs routed through the shop on 
some equitable basis. Distribution according to the number of direct 
labor-hours spent on each job is a convenient method. 



610 


PETROLEUM PRODUCTION ENGINEERING 


In certain kinds of work, it is convenient to base charges for work done 
on time exclusively. For example*, in trucking equipment and supplies 
about over the property, the average hourly cost of operating the truck, 
including the salary of the driver, gasoline, oil, depreciation and all other 
charges, may be computed, and each job or each department receiving 
service is charged with a flat rate per hour for the time that it uses the 
truck. Distribution of trucking expense may be more properly handled 
on a ton-mile basis where long hauls are involved, though the weight of 
materials transported is not always known. 

r< 
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Hreneqe 

Hestetlex 

OH f^oe/uction ^ccts.: 

I¥s// N9/ 








/««•// NO 7 








Welt ms 











Genera! Expense ^4ccts: 
t^ielel Office fjtpense 








San /yancisoo Office 








Hoepifa/ JEjpense 











Disfnhvtir^ ^4oc/s : 
Af€fchine Shop S^ense., 















for^e Shop fxpense^ . _ 
^tver l?/st. Expense 





— 



Tofor! Cost 





i 


— 



Fig. 335. — Typical form for monthly cost summary. 


Summaries of the cost records prepared for distribution among officials 
of the company should be condensed from the primary records kept by 
the cost keeper at regular intervals, usually monthly. Such records 
are intended to provide a means of comparing the efficiency of operation 
as between different periods. Care should be taken, in presenting the 
data, to select units that are suitable for comparative purposes. For 
example, in reporting the unit cost of oil production, the cost per barrel 
means little because the production of the wells is variable and bears 
little relation to the efficiency of operation. The cost per well per day 
or per month, however, is a unit that does not display such variation, 
and is directly dependent upon the efficiency with which the plant is 
operated. Fig. 335 illustrates a suitable form for the monthly cost 
sheets. 

Graphic cost records may be used to advantage in supplementing 
tabulated cost figures. Graphic records are more easily interpreted 
and variations between different cost periods may be contrasted to much 
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better advantage than in the case of ordinary tabulated records. In 
a chart, one can see the abnormal tesults at a glance and center the 
analysis upon these, ignoring the normal figures which do not require 
administrative attention. Typical examples illustrating the use of 



Fia. 336. — Graphic cost record showing average cost per well per day of operating a group 

of pumping wells. 



Cost per Foot in Dollars 

Fio. 337. — Type of graphic cost record suitable for displaying variations in the cost of 

drilling. 

The heavy lino indicntos the actual cost of drilling n particular well, while the '^average cost of 
drilling” lino shows the average cost for the locality in which the drilling well is located. 


graphic mt^thods in displaying cost data are to be found in Figs. 836 and 
387. In Fig. 337, costs are plotted with respect to an assumed normal, 
showing at once the extent to which actual costs vary from the theoretical 
normal. Such a record may be divided off into zones indicating the 
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responsibility for investigating the abnormalities of cost. Thus, the 
general manager would concern hiiiKelf with the reasons for an abnormal 
result only when the cost curve Extends beyond the superintendent’s 
''zone,” and the latter official would be obliged to investigate only when 
the graph passed beyond the limits of the foreman’s “zone.” 

Payment of Labor and Distribution of Labor Expense 

t 

Labor represents the most important item of expense in oil production, 
and accounting for labor and distributing its cost among the cost records 
is one of the most important aspects of the cost keeper’s work. Further- 
more, as an employer of labor, the oil company is obligated, both in its 
own interest and for the protection of its employees, to maintain a care- 
ful record of the service furnished by each employee in order that the 
wages due him can be accurately determined. 


Time Book Pcye 694 


B 

Name 

SOS 

eo4 

60S 

4.Serrice 

F. tteneterson 

J Ttftjs 

T. Me Merm/s 






Month of September, t9Z3 


wmaaassmm 


£?n//er 


\t.oo 


Tb/ais 




Fia. 338, — Typical form for time record. 


The remuneration of labor may be based upon the time worked, upon 
the amount of work done or upon the value of the oil and gas produced. 
Though illogical and contrary to the principles of efficiency and economy, 
the day-labor system, or payment according to the length of time worked, 
is the most commonly used method. Payment based upon quantity 
of work accomplished is occasionally met with in various piece rate, 
bonus and contract systems. Direct payment according to the value of 
the product is uncommon in the oil industry, though examples are to be 
found in the so-called profit-sharing plans adopted by the larger oil 
companies, in which employees are given an annual bonus based upon 
the company’s yearly profit, or. they are encouraged to buy the 
company’s stock or bonds at reduced rates. 

The Time Records. — It is customary to maintain a list of the em- 
ployees’ names, on which the hours or shifts worked by each individual 
are checked off daily (see Fig. 338). Such a record is generally placed in 
charge of a “time keeper,” though in many cases the primary records 
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will be prepared by the foremen of departments. The individual work- 
men may be simply checked off on dthe time list as the time keeper or 
foreman makes his rounds of the prd^erty and plant and observes them 
at work, or more elaborate systems involving the use of time boards, 
checks and tickets may be employed. If all of the employees pass a 
certain point in going to and coming from work, they may be given 
individual numbered brass checks which they are required to hang on a 


Lerhor Ss^rts^^/on Report September Z3, /9Z3. 

Dn'Utn^ and Operat/on Street Icrbor Chajyes 

Occt/pat/ons 

§ 


To/a/ 

4/n//k/e 


Dis/nM/ed 

C/ra/ye 




i 

1 

II 

1 

M 

m 

Rhf/ R/shers 

to 

oo 

3 

JO 

oo 

/. 

Z 

Z8 

24 






PrWers 

S 

7S 

9 

78 

73 

2 

z 

Z8 

24 






Dernck Men 

6 

73 

9 

SO 

73 

J. 

z 

28 

24 






Drifters ‘ ffetpers 

S 

23 

27. 

/4/ 

73 

4 

/8 

72 

f6 


8 




ttwd R/ySvifders 

S 

73 

/ 

8 

73 

3 

z 

28 

24 






Ri^ 3i/i/ders 

7 

73 

Z 

/3 

SO 

6 

7 

54 

20 



4 



Rio Jk/ifders' tft/perj 

6 

73 

2 

/3 

SO 

7 

Z 

28 

24 






km// R///ers 

6 

73 

2 

/3 

30 

8 

z 

28 

24 






iVe// R//kfs4' C/eaners 

S 

25 

4 

Z/ 

OO 

9 

2 

09 

22 

2 





Rn^ineers 

3 

30 

6 

S3 

OO 

/O 

4 

77 

20 

Z 


2 



Firemen 

J 

OO 

6 

SO 

OO 

// 

2 

28 

U 






Boi/er kVas/rers 

3 

23 

/ 

3 

2S 

/Z 

4 

77 

20 

2 


2 



Fn^ine Fbpair /den 

m 


/ 

6 

23 

JJ 

Z 

/8 

23 

/ 





Fn^ine Ffy?. //e/pers 

E 


/ 

3 

23 

/4 

Z 

28 







Fampers 

B 

00 

9 

43 

OO 

/3. 

z 

Z8 







O/Zers 

3 

oo 

3 

/S 

OO 

/6 

/8 

34 



8 
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6 

oo 

Z 

/Z 

OO 

/7 

2 
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il 

Q 

8 

40 

OO 

/8 
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m 

Z 

/3 

30 

/9 

Z 

09 

22 
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1 

1 

■ 

■ 

1 

6Z 
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23 
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■ 
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■ 


S3 

/08 

23 






24 


B 

■ 


■ 

■ 

64 

/08 
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Z4 


1 

1 


■ 

1 

65 

89 

73 


7nyt 



j8ft 

rm 


1 

■ 

■ 

■ 

■ 


■■ 
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7b/er/s 
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_ 

98 
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Eza 

E3! 


m 

m 

D 


m 


Fig. 339. -Typical labor segregation record. 

Other pages arranged in slightly different form, display segregation of labor charges for other 
departments. 


board fitted with numerous similarly numbered hooks. Checks arc 
placed on the board by the employees as they go to their work, and are 
removed as they come off shift. By inspection of the board, the time 
keeper readily posts the daily time book. Under still another plan, each 
workman is given a small book of tickets at the beginning of the month. 
The individual tickets in ea(jh book are numbered alike, and a list is kept 
of the book number of every workman. The workman gives one ticket 
to his foreman at the close of each day's work. The foreman indicates 
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on the ticket the wbrk to which the employee has been assigned for the 
day, places all of the tickets for his^crew in an envelope, which is sealed 
and sent to the time keeper. Suclf a method provides a primary record 
from which both the time records and the labor segregation records may 
be posted. 

Periodically — usually once each month — the time keeper prepares a 
summary of the time record, indicating the total number of days or hours 
worked by each employee during the interval covered by the report, and 
the total amounts due. This is for the use of the paymaster in preparing 

c 


Rof! Pojffe N9 i64. Month of September, /SZ3. 


23 

Narme 

Occupation 

IES9 

OaHy 
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Rboeired 
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tSOjOO 


J. rites 
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Z04.0O 
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M 

— 

94000 
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/O.OO 


/900C 
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l/rteterH'OOci 


so 

6.SO 

/9Seo 
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tTSOO 
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M.Lee 

H 

Z9 


fSASC 
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— 

0OSO 


iMH 



■■i 


■■ 


IBI 




[Z 


Tbta/S 

imso 

L„, 


S40M. 

z: 

622650 



Fig. 340. — Typical form for pay roll. 


the payroll. The time keeper may also be required to prepare a ‘4abor 
segregation record (see Fig. 339), indicating the total number of hours 
worked by each class of labor, and the equivalent dollar value. This 
record may also show the distribution of labor by classes among the 
several departments and jobs in process. Such a recoi'd provides the 
basis for labor entries on the cost records, and is the l)asis for journal 
and ledger entries covering labor distribution over the various accounts 
concerned. 

In preparation for ‘^pay day,” the paymaster enters on the payroll 
(see Fig. 340) the name and number of each (nnploy('e, his classification 
and daily wage rate, and the amount due, as indicated by the time record 
summary, (.-ertain deductions may then be made for board, lodgings, 
rentals, hospital and other fees, and the net amount to be paid each 
individual determined. (Checks are then written, and when delivered 
to the employees, they are required to sign the payroll as evidence of 
payment. Ordinarily, two copies of the payroll are prepared, one for 
the field oflSce record, and the other to be sent to the head office of the 
company as a voucher record of payments made. Payment of wages is 
sometimes made in cash, but this is undesirable if it can be avoided 
because of the likelihood of error in making payment, and the risk of rob- 
bery and theft. 
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After labor, equipment and sullies constitute the largest single 
item of expense in oil production. The routine of purchasing, receiving 
and distributing supplies is therefore worthy of careful study. Responsi- 
bility for the placing of orders for supplies, for transportation from the 
market to the company’s warehouse, and specifications covering quality 
and terms of purchase, are usually entrusted to a “purchasing agent.” 
Care and distribution of supplies after they reach the property is delegated 
to the “storekeeper.” 

Two systems of buying are in common use: (1) buying on bids, anS 
(2) buying on contract. The latter method is otily suitable for use in 
purchasing commodities n'gularly used in considerable amounts. In 
the first of these two methods, the purchasing agent sends requests for 
prices, or “bids,” to several merchants or supply dealers, specifying in 
detail the material he wishes to buy. When the bids arc received and 
compared, the order is placed with the lowest bidder, or, in general, with 
the firm most acceptable to the buyer. This method of buying is pre- 
ferred by most purchasing agents, but requires time for the necessary 
correspondence. In placing a purchasing contract under the second 
method, the buyer agrees to purchase, from the concern with which the 
contract is placed, all of the material of a certain kind that may be 
needed over a specified time, often a year or more. Certain minimum 
quantities which the buyer agrees to purchase within the period are often 
designated. As an inducement for such a contract, the merchant is 
usually justifi(*d in offering a price somewhat below the prevailing market 
price. Often, too, it may be possible to place a long-period contract at a 
favorable time in anticipation of a rise in commodity prices. In addi- 
tion to the two methods of buying described above, when there is insuffi- 
cient time for proper negotiations between buyer and seller, emergency 
buying is sometimes necessary. Emergency buying generally results in 
the buyer paying a higher price. 

The purchasing agent undertakes the purchase of equipment and 
supplies on receipt of a “purchase requisition” signed by the storekeeper, 
a department superintendent or other authorized official of the company 
(see Fig. 341). Each purchase requisition is given a serial number 
which is plac(‘d on all subsecpient correspondence and invoices relating 
thereto. Requests for bids are then sent out (see Fig. 342). After 
the bids are received and compared, the purchase order is sent to the 
successful bidder (see Fig. 343). The purchasing agent should maintain 
a file of catalogs descriptive of the materials and equipment in which he 
deals, and should keep posted on current prices so that he can prepare 
estimates of equipment and supply costs when requested to do so. He 
must be thoroughly familiar with the character and quantity of supplies 
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used by his company, and is often empowered to anticipate future neefds 
in the placing of long-term contracts^at favorable rates. He must exercise 
good judgment in these matters, and by his business acumen should com- 
mand the respect of the concerns and individuals with whom he has to deal. 


Pifrchas9 Requisition 73$ 

Rfrehasinq Mid^ah Oi/ Co., 
San Francisco^ Cor/., 

Dear Sir:- 


Rttro/ia,Ca/., Sept/6,/9iS. 


F/ease order ttte fo/hmn^ supp/tes: 




description 

Needed f>r 

\ Bids Ashed 

1 Ordered 1 

iYani 

ed 

Date 

Price 

PeqtP 

Date 

Pu/than 

D/der/4 


■ 

/case 

Mazda lamps, 40-ieaft.^^ 

Fleet. It. Acet 

9-/823 

2864 

92223 


m 

M 

6 

Axe/son 3" or/ me// pump /mere 

Or/ Frvduet. Ac 

- 

286S 

92323 




8.0OoFf 

fO"-40^0B X casing 

Nfe// No. 32 

09 

2866 

/06‘23 

/06T 

B 

i 

ipoo-ft 

Z Standard prpe, ga/y. 

/VaterS/p Ac. 

m 

» 




Approved: Signed: 


Fie/d Supenn/endenf Store Feeper. 


Fig. 341. — Typical form for purchase requisition. 


F^ice Request 
N9Z874. 


ididvaie Oii Co. 

/042 /derchanfa Fxchange B/d^. 


The thrcific /Apparatus and Suppi/ Co., 
Los ^n^/es. Cat, 

Gentlemen : 


San FranciscOfCd/., Sept 20, /925. 


ffi// /ou p/ease quote us your current p)rices on the tbllonrin^ artic/es:-^ 


Date 

Mmted 


Description 

List 

Price 


Net 

Price 


B 

Z'Doz. 

Centrifuge Tubes, /OOcc.capy(Na 2894-Ci.. 

43 

00 

/e% 

43 


B 


/~Doz 

T/ferntofrydrometers, /9-J/*A,A.PI.fNo 37B3AJ 

4Z 

00 

/c% 

37 

80 



/ 

Rorrison Oi/ Thief fA/9 TSS-BJ 

Z3 

oo 

/sZ 

Z/ 


m 

1 

S'-ga/s 

Bisu/pho/ine 

2 

7S 

Net 

z 



P/ease use this form for your nep/y. 

Term,: ZZcash, JO-Ory, 

F.O.B. los Anqe/es. 


Fuehmsinff Agent. 


Fig. 342. — Typical price request form. 


In addition to the duty of buying, the purchasing agent is charged 
with the responsibility of checking all supply and equipment invoices, and 
certifying them for payment. As invoices are received, they are com- 
pared with the original bid or contract and with the purchase order, and 
the price per unit, extensions and terms of payment are carefully checked. 
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Usually a discount is offered for pa3rment within a specified time. 
Often 2 per cent discount is offered payment is made within 30 days, 
though sometimes the period is as short as 10 days, and occasionally it 
may be as long as 60 or 90 days. Even 2 per cent of the aggregate amount 
expended by the average oil company for supplies and equipment is a 


I A^rc/fase Onder 


Micf^ak Ot/ Co. 
f04Z Mtrchcrn^ Sxchcmgc Bktg. 


ylpparcf.s SeptZ3.,9a. 

los Ange/es, Car/. 

Oenf/emen 

You are hereby au/horizec/ /o Furnish /he mcr/eria/ /fs/ed be/(^ 
as quo fee/ on our price reques/ //91874. 





Descrip/ion 


Z'Ooz. Gen/rifuge Tu/>es^ iOOce.capf(//? Z694~c) 

hDoz. Thermo-hydrome/ers, f9'3l*/lifA.FI.(//f3765'A) 37 

/ /Morrison Oif Thief (A/? 796~3) z/ 

S~ga/3. Bisu/pho/ine z 


P/ease ac/rnowfedge receipt of this order and send dupiicate invoices. 

Ship to: Midvate OU Co., Taff, Cat, Yery truly Yours, 

fia Saafhsrn Pbc. anasonatf /r./r Midyak Oi/ Co., 

Pkree our order number on by ' 

at! invoices and packages. ^ ■;r“7 “7 


l^rchasine Bgent 


Fig. 343. — Typical form for purchase order. 


considerable sum, and ever> effort is made to hasten the checking and 
certifying of invoices in order that payment may be promptly made and 
the discount secured. 

Invoices arc usually submitted in duplicate, one copy being pasted in 
an Invoice Record Book kept by the purchasing agent, while the other is 
sent by the purchasing agent to the accountant who makes the necessary 
ledger entries and prepares a voucher which is sent to the treasurer of 
the company, authorizing payment. After the goods have been received 
and an independent count and inspection and report has been made by 
the storekepeer, the duplicate copy of the invoice may be sent by the 
accountant to the storekeeper for his advice in posting prices on the 
Stores Record Cards. 

When the goods are received, the storekeeper sends a Materials 
Received Report (see Fig. 344) to the purchasing agent, certifying to the 
number of units received and the quality and general condition of the 
consignment. It is desirable that the storekeeper should not have a 
copy of the invoice or purchase order before him when this checking of 
the goods is in progress, then he is compelled to count and inspect the 
material in order to fill out the material received report. The stores 
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record cards (see Fig. 345). are posted as soon as the new consignment of 
material is received, though the pr^e columns may not be filled in until 
later. c 


Maferials Zdeeived Report N9l56t FOrchetse Order 

^ I^te Rtce/ycet: 

Becific Apparatus and Supply Co. /S2S. 

Quantify 

Description 

Invoice 

Cost 

Ttansp 

Charges 

Tota/ 

Cost 

Gestpef 

i/nit^ 

Z'DOZ. 

hPoz. 

/ 

5-pa/s. 

Centrifupe Tubes, /00ec.cap.,(tte.2S94~c) 
Tbermo’/tydrvnteters, ^-3/*5,A.Fl///9S7eSv^ 

Rorrison Ot/ Thief (A/9 796-BJ 

Bisu/pho/ine 

43. ZO 

37.80 

Zl.ZS 

2.7S 

0.70 

0.35 

0.60 

/.60 

43.90 
38 J 5 
Z/.85 
4,35 

/,33 

3JB 

Z/.3S 

0.87 

Debit Aca 
A/9 

wnt 

Amount 

Ledperfb/io 

Goods Receiy 

^ed by: 

Stor 

e Keeps 

r. 


Fig. 344. — Typical form for materials received report. 


Material can be drawn from the warehouse only on requisitions signed 
by authorized individuals (see Fig. 346). When supplies are issued, the 
materials charged out^^ column of the stores record cards is posted. 
Balances struck whenever goods are received or charged out on the stores 
record cards provide a permanent inventory of both the value and 
quantity of the supplies on hand. 


2^/r/£7J?o^. 
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2-S0Z9 
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~~~~ 

Z4 
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0.42 
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Fn^d. 
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S 

29 

2/ 

0.59 

3.0/ 

2.02 

0./18 

0./Z4 
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m 

B 

B 
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B 
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■ ^ 


~ 1 

■ 

^ — 

— ^ ' 




— ' 

Ba/ance Carried fbrtYard 







HBSB 


Fig. 345. — Typical form for stores record card. 


The storekeeper is held responsible for the maintenance of a sufficient 
reserve of supplies regularly maintained in stock in the warehouse. It is 
customary to determine a stock minimum for each article, below which 
the quantity on hand is never permitted to go. The minimum varies 
with the extent of demand for the article and with the time necessary for 
a new consignment to arrive after an order for it is placed. Small bin 
tickets may be hung on hooks beside the bins in which stock is stored in 
the warehouse. These are printed with columns in which entries may 
be made of materials placed in the bins or withdrawn therefrom, and of 
balances on hand. When, on supplying goods specified on a requisition, 
it is found that a minimum for the article has been reached, the stock 
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clerk removes the bin ticket and hangs an*** on order” bin ticket of 
special color in its place. The storekeeper at once sends a purchase 
requisition to the purchasing agent fdr a new consignment. 

Periodically the storekeeper is required to prepare a Summary of 
Stores Issued Report indicating the cost value of all supplies and equip- 
ment charged to each department during the interval covered by the 


SAffres f9t<juisition 546 Apri/ J6, /9Z5. 

Purpose: 

fAuantity 

DescripHon 

Pr/ee 













■■ ”• 


















To fa/ C/targe 



Pefiv^red by: 

/feeeiyee/ by: 

4pproyee/. 



Deparfmerrf foreman 


Fio. i^40. — Typical form for supply rocpiisition. 


report. This report is made up from the requisitions presented, and 
first goes to the accountant who makes the necessary ledger entries, and 
then to the cost keeper for his information in computing departmental 
costs. 

In order that the storekeeper may be in a position to assign definite 
values to the materials withdrawn from the warehouse, he must maintain 
a suitable price record, indicating at any time the average cost per unit 
for each article carried in stock. This is continually changing as new 
consignments are received, depending upon variation in market prices. 
The current price for each articles carried in stock may be shown either 
on the stock n^cord card (as indicated in Fig. 345), or it may be kept in 
a special juice book, in which tlie supply itcTiis arc arranged alpha- 
betically. The charges made to departments drawing supplies from the 
warehouse must not only include the invoice cost, but also the cost of 
transportation to the property, and a prorated charge covering the cost 
of operating the warehouse. This latter item includes such items as the 
salaries of the storekeeper and warehouse attendants, insurance on the 
warehouse and stock, and breakage losses and depreciation of stores. 

In connection with store keeping and purchasing, quality tests on 
materials purchased arc occasionally necessary to determine whether or 
not they conform with the purchase specifications. This work may be 
done in the laboratory, or it may be conducted by actual field tests of 
the materials while in use. Some of the larger companies have testing 
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departments, employing engineers whose duty it is to make tests of 
materials purchased and prepare* specifications therefor. Such work 
results in the development of a grcfUp of standard articles or materials of 
particular quality which have been proved best adapted to the service 
imposed, and which are always specified by the purchasing agent when 
a new consignment is ordered. 

Production Records 

In accounting for the production of the property as a whole, and for 
individual wells, it is necessary to maintain a systematic record of daily 
production based on Actual measurement of the quantities of oil and gas 
produced. Oil production is determined by gaging in cylindrical tanks 


Daily Welt Prodoclion Record 
Wen N?/6. 




Month of September, 1923. 



Dross 


Water 

Ctoan 

Producing Time 


Date 

Fluid, 

Cut 

Content, 

on, 

in 

H 

% of 

Bxptanatton of 



Barrets 

% 

Barrets 

Barrets 



Total 

Tdte T/me 

Sept. 

/ 

tiZ 

8. 

9 

t03. 

23 

30 

979 

Bngine traubte 


2 

J20 

6. 

7. 

tts 

24 

O 

too.o 



3 

//6. 

to. 

iZ. 

to4 

23 

O 

9S.8 

Fng/ne troubte 


-4 

S4- 


4 

SO. 

t4 

40 

6rt 

Rrrted rods 


S 

//o. 


7. 

to3. 

■ 

20 

93.t 

Pott storage tanh. 

Totals 

2940. 


206 

2734 

Srenrge 

9/.S. 



Fio. 347. — Typical form for daily well production record. 


(see page 464), while gas production is measured by the use of various 
types of meters. The results are reported daily by the gagers on pro- 
duction records which will vary in form and arrangement with the 
practice at each individual property. On some properties, there will 
he facilities for accurately gaging the production of each individual 
well, but on many leases where individual well tanks are not provided, 
or where there is no means of temporarily segregating the production 
from individual wells, the daily production record will show but little 
more than the over-all production for the lease as a whole. 

There must also be reported on the production record the Baum6 
gravity and percentage of water and suspended solids in the gaged fluid, 
data necessary in computing the ‘^nct oir^ and its value (see Fig. 347). 
The production of water from each well is often separately recorded in 
order to disclose any unusual increase in water content which may be 
indicative of a condition requiring repair operations. A separate water 
record for each well is required by law in some states, notably in California. 

The primary production record, taken as near the source as may be 
consistent with the facilities for gaging, is supplemented by the record 
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of oil run from storage into the purchaser’s pipe line or other transporta- 
tion facilities. At this point the oil^is accurately gaged, and the ^^run 
tickets” issued by the gager representing the purchaser, furnish an 
excellent check on the primary records, after due allowance has been made 
for oil used on the lease, and for evaporation and other losses in gathering, 
dehydrating and storing. An intermediate check is afforded if the oil is 
also gaged as it flows into the main storage tanks, assuming that it has 
been previously gaged in small tanks near the wells. 


Monthly FrodocHon Summary Month of September^ t9Z3. 


Wet/ 

At? 

C/ean oi/, 

3bts. 


% of 
tota/ time 
operating 

SrerggeA/? 

3b/s./td/Br 

per24'bm 

Ayeragetb 
3b/s. Oi/ 
per Z4hrs. 

» 

FismarrAs. 


3016. 

ZS34. 

SO 6. 

4//. 

Z92. 

74. 

98.2 

93./ 

32.0 

m 

/02.4 

90.7 

52.7 


Three pu/tirg Jobs 
Fedr///f/g smeeSfy?/.// 

Tbta/s 

42,7/6 

S,/z4. 

96.3- 

//.o 

92.2 



Summary of OJ/ Fnpctucec/, Shipped and Fleta/rject m Storage 


Carried in storage from dtgust, J9Z5, Summary.^ /e, MS. 

Production ofcMan oi/ dur/ng Septemher^/923-. dz, 7/6 

Totai 

Less /ease consumption durirg Septemher 964- 

Less sh/pments durmg September SJMZZ. 

Sdr386 

Carried in storage tn October, /923, Summary 44fS.-M 


Fig. 348. — Typical form for monthly production summary. 


Recording the production of gas is somewhat simpler than recording oil 
production, since there is no quality variable to consider. If the volume 
of production warrants, there may be a meter placed on the gas lead line 
from each well to furnish the individual well record, while a master 
meter provides the gross production for the property as a whole, at some 
point in the gathering system, before delivery is made to the purchaser’s 
pipe line. Gas production is expressed in equivalent cubic feet or thou- 
sands of cubic feet at atmospheric pressure or at a “base pressure” a few 
ounces above atmospheric pressure. A record of actual flow pressures is 
convenient for many purposes, however, and is often provided by a 
regular series of pressure-gage readings incorporated as a part of the 
production record. 

Graphic production records are often prepared from the tabulated 
production data better to display the variations in production in different 
periods. Individual well and property decline curves, in which produc- 
tion is plotted against time, are widely used in estimating future produc- 
tivity and in oil property appraisals. 
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The production summary is compiled from daily reports submitted 
by the gager, and is tabulated jn such a way that totals may be 
readily determined monthly (see ffig. 348). The marketed productions 
in barrels of oil and cubic feet of gas, multiplied by the unit selling prices, 
determine the monthly credit entries to be made under the sales accounts. 
Oil in storage is maintained under the production account at its cost value 
only, for if the marketing is deferred, its selling price will be uncertain. 

’ Administrative Reports 

^ In order that responsible officials and directors of the company may 
be informed on all aspects of the business, periodical reports must be 
prepared descriptive bf the work of every department, together with a 
statement of the results secured. At regular intervals — usually annually 
— these reports must be reviewed and condensed for submission to the 
stockholders of the company, and for market reports that are given 
publicity in the financial and technical press. 

To be effective, the system of administrative reports should reach 
down into every nook and corner of the organization. Every individual 
should be responsible to someone directly over him in authority, for a 
periodical report on work accomplished and the results thereof. Drillers 
prepare tour reports for their foreman, the latter, in turn, combines these 
with a report to the superintendent of development. The various 
superintendents report to the general superintendent or general manager, 
and the latter, in turn, reports to the president of the company. The 
president reports to the board of directors, and the board to the stock- 
holders. Every department must be represented in the report system, 
but the development and production reports will naturally be of greatest 
importance. Table XLVII gives a list of reports covering every phase 
of the work of an ordinary oil-producing company. 

The Annual Report. — Important among the list of administrative 
reports will be the annual report prepared for submission to the stock- 
holders and general public. There is no uniformity to be observed in 
the form and substance of annual reports issued by various oil companies, 
but if we consider that their primary purpose is to supply the stock- 
holder with such information as he may need to evaluate his stock, to 
gage the financial progress of the company, and to estimate its future 
dividend-earning capacity, it would appear that the report should 
contain the following features: 

1. A frontis page, giving the name of the company, its principal place 
of business, the location of its properties, its capitalization and the number 
of shares outstanding, the date of the report and the names of the 
principal officers and directors. 

2. A report by the president of the company, prepared as an intro- 
duction to the main body of the report, reviewing in a broad way the 
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Table XLVII. — ^List op Administbative Reports and Records for an Oil- 

producing Company* 


No. 

Report or record 

j ^ 

Frequene^ 

By whom prepared 

To whom sent 

1 

Driller's Tour Report 

Tour 

Every driller 

Development foreman 

2 

Well Puller’s Report 

Tour 

Each well-pulling gang 
boss 

Production foreman 

3 

Well Pumper’s Report 

Tour 

Every pumper 

Production foreman 

4 

Roustabout’s Daily Report. . . . 

Tour 

Each roustabout gang 
boss 

Production foreman 

5 

Daily Power Plant Report . . . . 

Tour 

Each power plant 
engineer 

Production foreman 

9 

6 

Daily Dehydrating Plant Report 

Daily 

Dehydrating plant 
foreman • 

Foreman of transport 
and storage 

7 

Truck Driver’s Daily Report . . 

Daily 

Each truck driver 

Foreman of transport 
and storage and cost 
keeper 

8 

Shop Employee’s Daily Report 

Daily 

Each shop employee 

Shop foreman 

9 1 

Daily Report of Wells Drilling . 

Daily 

Development foreman 

Field superintendent 
and auditor 

10 

Daily Report of Operating Wells. 

Daily 

Production foreman 

Field ‘ superintendent 
and auditor 

11 

Daily Shop Report 

Oaiiy 

Shop foreman 

Field superintendent 
and auditor 

12 

Ri-woekly Power Report 

Twice a month 

Shop foreman 

Field superintendent 
and auditor 

13 

Ri-weekly Construction and 
Repair Report 

Twice a month 

Production foreman 

Field superintendent 
and auditor 

14 

Bi-weekly Drilling Report. . . 

Twice a month 

Development foreman 

Field superintendent 
and auditor 

15 

Bi-weekly Shop Report 

Twice a month 

j 

Shop foreman 

Field superintendent 
and auditor 

16 

Bi-weekly Engineering Depart- 
ment Report. 

Twice a month 

Resident Engineer 

Field superintendent, 
auditor and chief 
engineer 

17 

Daily Oil and Oas Production 
Report 

Daily 

Gager 

Foreman of transpor- 
tation and storage, 
field superintendent 
and auditor 

18 

Run Tickefs. . 

Any time 

PurchaHer'.s gager 

Production foreman, 
field superintendent 
and auditor 

19 

Monthly Prf>duction Siiininary 

Monthly 

Auditor 

Production foreman, 
field superintendent 
and manager of pro- 
duction 

20 

Time Records . . 

Daily 

Department foreman 

Time keeper 

21 

Labor Segregation Report. , . . 

Daily 

Time keeper 

Cost keeper 

22 

Labor Distribution Report . . . 

Monthly 

Time k(?eper 

Field superintendent 
and department fore- 
men 

23 

Distribution of Trucking 
Charges 

Monthly 

Cost keeper 

Field superintendent 
and department fore- 
men 

24 

Co.st of Work Reports 

Daily 

Cost keeper 

/ 

Field superintendent 
and department fore- 
men 

25 

Departmental Cost Records 

Monthly 

Cost keeper 

Field superintendent 
and department fore- 
men 
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Table XLVII. — List op Administrative Reports and Records for an Oil- 
pRODTfciNO Company {Conl^inued) 


No. 

Report or record 

Frequelaoy 

By whom prepared 

To whom sent 

26 

Pay-rolls ... 

Monthly 

Paymaster 

Auditor and treasurer 

27 

Pay-roll Summary ... 

Monthly 

Paymaster 

Field superintendent, 
auditor and treas- 
urer 

28 

Pay Checks... 

Monthly 

Paymaster 

Employees 

29 

Purchase Requisitions. 

Any time 

Storekeeper 

Purchasing agent 

30 

Price Requests, . 

Any time 

Purchasing agent 

Outside merchants 

,31 

Purchase Orders . 

Any time 

Purchasing agent 

Outside merchants 

32 

Stores Received Report. 

Any time 

Storekeeper 

Purchasing agent 

33 

Stores Requisitions. . « 

Any time 

Department foremen 

Storekeeper 

34 

Stores Issued Report 

Daily 

Storekeeper 

Cost keeper 

35 

Stores Issued Summary 

Monthly 

Storekeeper 

Field superintendent, 
department foremen 
and auditor 

36 

Stores Inventories. 

Quarterly 

Storekeeper 

Auditor, field superin- 
tendent and treasurer 

37 

Invoices and Bills. 

Any time 

Outside merchants 

Purchasing agent, field 
superintendent, audi- 
tor and treasurer 

38 

Vouchers. . 

Any time 

Auditor 

Field superintendent 
and treasurer 

30 

Memorandum of Expenditures 

[ 

Twice n month 

Auditor 

1 

Field superintendent, 
manager of develop- 
ment and production, 
and treasurer 

40 

Journal Entries to Balance 
Ledger Accounts ... 

Monthly 

Auditor to 

Secretary to 

Beoretary, or 

Auditor 

41 

Employment Ticket 

Any time 

Department foremen 

Time keeper 

42 

Discharge Ticket 

Any time 

Department foremen 

Timekeeper 

43 

Personnel Reports 

Monthly 

Department foremen 

Personnel officer 

44 

Work Orders.. 

Any tune 

Any department fore- 
man 

Through field superin- 
tendent to any other 
department foreman 

45 

Monthly Progress Report 

Monthly 

Field superintendent 

Manager of develop- 
ment and production, 
and president 

46 

Quarterly Progress Report 

i Quarterly 

Manager of develop- 
ment and production 

President and board of 
directors 

47 

Quarterly Financial Staiemont. 

Quarterly 

Treasurer 

President and board of 
directors 

48 

Annual Report. . 

Annually 

1 

President, treasurer 
secretary, manager 
of development and 
production, chief 

engineer, field super- 
intendent and audi- 
tor 

Board of directors and 
stockholders 


principal results of the previous year’s work, with his interpretation of 
the financial outlook and the general condition of the company’s affairs. 

3. A balance sheet, in which the company’s assets are compared with 
its liabilities, in the customary technical form. The balance sheet should 
be supplemented by a Profit and Loss Statement and an Appropriation 
Statement (see pages 625 and 626). 
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Midvale Oil Company — Balance Sheet^ January 1, 1923 
Capital and hiahilities 

Capital Liabilities: j 

Authorized capital stock, 1,000,000 shares at 

$10 each.... $10,000,000.00 

Less unsubscribed and unappropriated stock, 

250,000 shares valued at 2 , 500 , 000 . 00 

Value of capital stock outstanding $ 7,500,000.00 

Ten year, 7 % debentures ( 1921 issue) . 1 , 000 , 000 . 00 

Current Liabilities: 

Accounts payable $ 29 , 874 . 18 

Loans and notes payable 6,816 36 

Accrued debenture interest 35 , 000 . 00 


Reserve Liabilities: 

Surplus (see appropriation statement below) ... $ 2 , 868 ,154.16 

Depreciation reserve . . 432,643.76 

Depletion reserve 948 , 230 . 89 

Income tax reserve 342 ,791. 22 

Debenture sinking fund reserve 89,016 26 


71.690.54 


4,680,836.29 


Fixed Assets: 


Properly and Assets 


Property, Plant and Equipment Assets: 

Lands and leases $3,155,212.23 

Wells drilled 2,027,416 58 

Physical plant and equipment 1,496,112 07 


$13,252,52.836 


$ 6,678,740.88 

Inventory Assets: 

Supplies on hand and in transit $ 329 , 263 . 87 

Oil in storage 227 , 196 . 32 


Current Assets: 

Investments in securities, . $ 5,081,710.57 

Accounts and notes receivable ... 32,093.82 

Rebate claims in adjustment. . . 176.05 

American National Bank, San Francisco (cash) 816,492.54 

First National Bank, Petrolia (cash) 57,116 62 

Revolving funds .... 20,000.00 


556,460.19 


' 6,(K)7,589.60 

Deferred Assets: 

Prepaid insurance ... . . $ 9,417.89 

Other accounts paid in advance 318.27 


9,736.16 


$13,252,5:i6.83 
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SXTMMAHY OF INCOME AND EXPENSE, YbAR EnDING JaN. 1, 1923 


Operating Revenue: c 

Oil sales c. $ 5,294,316.22 

Gas sales 786,111.03 

Interest and dividends on investments . . . 230,562.12 

Income from rentals 8,660.00 

Miscellaneous other income 17,658 74 


$ 6,337,308.11 

$ 1,992,016.60 
635,699.19 

64,228.84 
628,442.21 

3,320,386.84 

Net opcratiriK profit . . $3,016,921.27 

Apphoj'iuation Statement, Yeah Ending Jan. 1, 1923 

Surplus from Jan. 1, 1922, appropriation state- 
ment. ........ $ 1,963,425.16 

Net operating profit for year 1922 3,016,921.27 

$ 4,980,346.43 

$ 70,000.00 

89,016:26 
147,279 84 

319,278.84 
286,617 33 
1,200,000 00 

2,112,192.27 

Surplus carried to balance sheet $2,868,154.10 

4. A report should be included by the general manager or supt^rinten- 
dent in immediate charge of the com})any\s properties. This report 
should be a technical report, dealing with the results of development and 
operation of the property, with conditions which have influenced the 
work of the year and with proposals for the conduct of operations during 
the immediate future, involving, perhaps, a discussion of new develop- 
ment work, additions to plant or changes in processes and methods. 
This report should be supplemented by a statistical summary of produc- 
tion obtained from the property during the year, together with maps 
showing the location of the company\s properties and wells. 

5. A report by the auditor gives cost statistics, together with data 
on the distribution of labor, supplies and general expense. The cbm- 


Les»: 

Interest paid on debentures and notes 
Reserve for debenture sinking fund. 
Reserve for depreciation of plant . 

Reserve for depletion of proj)erty and wells 
Reserve for income tax 
Dividends paid 


Operating Expenses: 

Labor 

Supplies and eciuipment . 

Power 

Miscellaneous other expense 
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pany^s policy with respect to depreciation and depletion accounting 
should be fully explained, and the walfeting assets should be periodically 
evaluated. * 

6. The annual report should also contain a statement by a licensed 
public accountant certifying to the accuracy and integrity of the financial 
data, more particularly, the accounts represented on the company’s 
balance sheet. 

Such an annual report would give the stockholder all information 
that he would need to keep fully informed on the financial condition of 
the company and the physical condition of its property. From it, he’ 
could compute, or at any rate closely estimate, tiic value of his pro- 
prietorship interest. Successive annual reports provide the only his- 
torical record Of the company and its affairs, and their issuance has 
become an established custom in the financial world. 

Quarterly Reports.—Dividends an^ usually distributed quarterly, 
and in order that the directorate^ of the company may be fully informed 
on the company’s business affairs at such tim(‘s, it is custojnary to prepare 
a quarterly technical and financial statement. The administrative 
reports prepared for this purpose are less formal, and an^ not ordinarily 
given publicity, though some compani(\s permit brit'f summaries of them 
to appear in the technical and financial press. 

(Ost records, accounts and administrative reports gage the progress 
of the enterprise, and constitute the charts which ])oint the way to future 
success. They are the common ground between the engineer and the 
financier, wherein the engineer may demonstrate* to the man of business 
the worthiness of what he has created; wherein he may prov<‘ his right 
to leadership in industry. 

A SELECTED BIBLIOGRAPHY ON THE SUBJECT MATTER OF 
CHAPTER XX 

1. Henry, P. W. : DoprociatioTi im .‘ippliod to oil properties, Trann., Am. Inst . Mining 

and Met. Engrs., vol. .51, pp. .570, 1910. 

2. Johnson, Huntley and Homers: “Business of Oil IVoduetion,” John Wiley & 

Sons, N. V., 1922. 

3. Sampson, W. F. and W. R.: “Aeeounting Systems,” (3uip. VIII of Paine and 

Stroud’s “Oil Production Methods,’' Western Pul), ("o., San PVancisco, 1913. 

4. Smith, C. 0.: C/Ost-aeeoiinting for oil producers, U. S. Bureau of Mines, Bull. 

158, 1917. 

5. Thompson, A. B.: “Oil Field Development,” D. Van Nostrand Co.. N. Y., 1917, 

See particularly ("haps. XIII and XIV. 
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Abandoning wells, 298-299, 413-414 
Absolute viscosity, 552-553 
Accelerators for cement, 284-285 
Accessibility, tank farm sites, 509 
Accounting for oil producers, bibliog- 
raphy on, 627 
hooks used in, 603-606 
equipment, 589 

Accounts, a system of, 599-603 
Accumulation of petroleum, forces assist- 
ing, 12-15 
bibliography on, 38 

Acetylene hydrocarbons in petroleum, 3 
Acreage drained by a well, 401 403 
Adamantine, use of in core drilling, 181 
with drag bit in rotary drilling, 153 
Adapters, casing, 220 
Adhesion, influence in oil drainage, 388- 
390 

Adjuster board and grip, 348 
Administrative offices, 587 
Administrative rejiorts, 622-627 
Age, influence of, on setting of cement, 
283 

of petroleum-bearing rocks, geologic^, 
35 

Agitation, effect in inducing flow from 
wells, 339 

Air, compressed, transmission of, 375 
compressors, 418 
control in boiler fire boxes, 43;i 
lift, use of in jminping wells, advan- 
tages and disadvantages, 375 376 
air volume and pressure for, 372-374 
bibliography on, 384 
footpieces for, 374 
formulae for, 371-372 
installations, typical, 376 
natural gas, aedion on, 373 
piping systems for, 371 
starting, 375 

pressure, application of to oil sands, 
417-420 

Ajax steam drilling engine, 436 


Albertite, 6, 31 

Alkaline salts, in cements, 280 
Alligator grab, 255 
Allison electric squib, 247 
Alumina in cements, 279-280 
American Petroleum Institute density 
scale, 5, 554 

American staruhft-d cable drilling system, 
(See under Cable drilling.) 

Ammeter, use of, in electrically operated 
drilling ngs, 447 

Ammonia, association wdth natuial gas, 30 
Anchorages, sea, for loading tankers, 570 
Anchor packers, 266 267 
torpedo, 333 

Angle for pumping power tTansinission 
line, 354, 356, 358 
Animal origin t>f petroleum, 10, 11 
Annual reports, 622“627 
Anticlinal structure, accumulation of pe- 
troleum under, 14, 18 ’22 
asymmetric, 18 

form of, influence on shape and pro- 
ductivity of oil pools, 75 
locating test wells on, 22 
Anticlinal theory of oil accumulation, 
13, 14, 18 

Apex natural gas burners, 431 
A.P.I. density scale, 5, 554 
Appliances, casing, 213-222 
Appropriation statement, 626 
Area drained bv a well, 402-403 
Asphalt, action of acids and solvents on, 
4 , 6 

Asphalt as emulsifying agent, 495 
Asphaltic “base” petroleums, 3, 4 
Assets, oil producing company, 625 
Atomizers, fuel oil, 432 
Axelson plunger pump, 342, 344 
upset-end sucker rods, 345-346 

. B 

Babcock rope socket , 118-119 
Back-filling pipe line trench, 570 
Back pressure on wells, effect of on 
production, 398-399 
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Back press ul^e on wells, maintaining with 
gas trap, 490-492 

Bacteria, influence of, in formation of 
petroleum, 10 * 

Bailer, 95, 123-124 
automatic, 340-341 
dump, for cementing, 269-271 
grab, 254 

method of ccmeni iiig, 269-272 
recovering defached, 253 
valves, 123-124 
r Bailing, 129-130, 339-341 

drum for rotary draw works, 161 
extraction of oil by, 3o9-341 
frequency of in drilling, 131 
Baker casing shoe, 214 
cementing plug and cement retainer, 
271 


Balance bobs, 364 
sheet, 624-625 

Balances, engine, 127, 436-437 
Band wheel type of pumping power, 
352-353 

Band wheels, 93-94, 103 
steel, 99-101 
Baughner device, 257 
Baumc scale for petroleum oils, 5, 
554 

temperature corrections, 474-475 
Beam pumping, 347-348 
swab, 331 

walking, counterbalancing of, 350 
Bell socket, 241-242 
Belt house, 93 
Benzene hydrocarbons, 3 
Benzine, use of in distillation test for 
water, 478 

Berthclot’s theory on origin of petro- 
leum, 11 

Bit, cable drilling, 114-116 
dressing of, 1 1 6 
replacing worn, 130 
diamond drilling, 190-191 
hook, 252 

Bits, rotary drilling, 149-154 
pressure on, effect of, 169- 172 
replacing dulled, 168-169 
Bituminous outcrojis, 31 
shales, 32 

Blasting gelatin, use in parting ciising, 
245-247 

Block, impression, 257 
Blocks, traveling, 216 -217 


Bloom of petroleum oils, 4 
Blow-out preventer, 304 
Boarding houses, 595 
Boiler shop facilities, 584 
Boilers, steam, for oil country service, 
426-430 

capacity of, 427-428 
conqiounds to prevent scale, 435 
efficiency of, 433 
feed water, 434-436 
fuels, 430 

consumi)tion of, 432, 438 
housing, 428 
settings, 429 

Boiling point of petroleum, 5, 8, 9 
Bolted tanks, 513-514 
Bonus, in oil leases, 49 
Books of account, 603 606 
Boot jack, 253-254 
Boston casing, 206,208 
Bottles, specific gravity, 474-476 
Bottom-hole packers, 266-267 
Bottom packer method of cementing 
wells, 272-274 
water, definition of, 261 
Bowl, casing, 240-241 
Bradford field, Penn., flooding in, 420- 
423 

Brandon casing machine, 219 
Bridge, in well, 277, 294 
Briggs’ pipe thread, 205 
Brine, association of, with pietroleuin, 
32, 34, 261-263 

Buckeye ])ip(‘-scrcwing machine, 567- 
568 

traction ditching machine, 567 
Buildings, for oil field servii^e, 597 
Bull-dog erasing speaij 238-240 
Bull ropes, 108, 113 
wheels, 93-94, 104 
steel, 99-101 
Bumper squib, 333 
Bunk houses, 595 
Burettes, centrifuge, 477 
Burners, oil, 432 
natural gas, 430-431 
Burning of pietrolcurn, 7 
ixiint of petroleum, 5, 8 
Burroughs’ sucker rod socket, 366 
Butterfly, for iiumping power trans- 
mission line, 354, 356, 358 
Button type of screen, 325-328 
Butt-welded casing, 203 
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C 

Cable drilling, 89-143 
, bibliography on, 142-143 
oostB, 193-200 
electric power for, 447 
historical development, 90-92 
• manila, 107-109 

power consumption, 427, 431 
recovering parted, 248 
rig, american standard, 92-125 
routine of, 131 

speed and rate of progress, 132- 
133 

steel, 109-112 

tools, action of, 126-128, 134 
recovery of, by fishing, 249-253 
versus rotary drilling, 183-186 
rotary hoisting, 159 
use of in reinforcing steel tanks, 519 
Cage, valve, of plunger pump, 341, 343 
Cal, accelerator for cement, 284-285 
Calcium chloride, influence on setting of 
cement, 280, 284-285 
Calf lines, 112-113 
Calf wheel, 93-94, 104-105 
drive sprockets and clutch, 94, 103, 
105 

steel, 99-101 

California Diamond B X erasing, 203- 204, 
206-207 

oil fields, cost of drilling in, 199-2(K) 
pattern drilling bit, 1 1 5 
petroh'um, cost of producing, 382 
384 

Calorific value of nat ural gas, 7 
of petroleum, 5, 8 
('Jamcra, possible use of in fishing, 257 
Canada, acquisition of ])etrolcum lands 
in, 47-48 

Canadian pole-tool drilling rig, 89 
Canvas packers, 265-266 
Ca[) rocks, influence of an oil ac(rumula- 
tion, 14, 16-17 
Capacity of oil tanks, 465 
Capillarity, influence of on oil accumula- 
tion, 15, 16 

on oil drainage, 388-389 
Capillary openings in rocks, 16 
Capping a flowing well, 308-311 
Carbon bisulphide, use as solvent, 31 
use of in centrifuge test, 476-478 
dioxide in natural gas, 7 


Carbon monoxide in natural gas, 7 
^ residue of petroleum, 9 
Carbonaceous shales as a source of petro- 
leum, 10 

Carbonate ground waters, 34, 262 
Carbonate, sodium, cause of unsoundness 
of cement, 280 
Carpenter shop facilities, 584 
Cars, tank, 579-580 
regulations governing,* 581 
Casing, oil well, 201-213 
adapters, shoe guides and floating 
plugs, 2‘^22l 
appliances, 213-222 
bibliography on, 235 
blocks, 216-217 

method of stringing, 216-217 
bowl, 240-241 

Brandon iwwer machine for screwing, 
219 

cementing, 230 
collapsed, repair of, 237-238 
(!olla])sing pressure of, 224-226 
collars, 203, 205-206 
(‘ombinations of telescoi)ing sizes, 224 
computing sizes and number of strings, 
223 

corrosion of, 299, 410-411 
cost of, 201. {See also under Drilling 
costs. ) 

cutter, 243-244 
cutting with, 243-248 
cutting through, with milling tool, 253 
design, 222 226 
difficulties, 231-234 
driving, 220- 221 , 232 
elevators, 94, 214-216 
flush jointed, 203, 210-21 1 
frozen, dangers in pulling, 233 
methods of, freeing, 231-232 
lieads, 348 
stuffing box, 374 
hooks and links, 217 
iiisertod joint, 203, 210 
inserting in wells, 227-229 
jacks, 221-222 
joints, wekliMl, 21 1 
landing, 230 
lines, 112-113 

lubrication of, in tight holes, 233 
manufacture of, 203-204 
measuring, 134-135, 234-235 
parted, repair of, 238-243 
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Casing, parting frozen, 233 

with the aid of explosives, 245-247 
perforating, 230, 320-325 
properties of materials used in, 204 
purpose of, 201 
record, in well logs, 60, 62-64 
repairing and recovering, 237, 247 
requirements of, 201-202 
riveted, 211, 213 
salvaging from wells, 230 
saving of in circulating system of drill- 
ing, 142 

screw joint, 202-211 
' shoes, 213-214 
side-tracking, 233-234 
spears, 238-240 
spiders, 217-218 
splitter, 243-244 
swage, 237-238 
test pressures used on, 204 
testers, 222, 293 
threads, 204 205 
lubricant for, 228 
tongs, 218-219 
types of, 202 213 
under-reaming, 286 
upset-end, 203, 209- 210, 156 
iLses of, 201 

wagons and dollies, 219 
welded joints in, 211 
Casing head connections for cementing, 
274 

control, for higli-])ressurc Avells, 303- 
304 

gas, definition of, 481 
Cat heads of rotary draw works, 148 
use of, 157 
Cave packer, 266 
Cellar, under rotary derrick, 149 
Cement, Portland, bibliography on, 301 
mixing for use in wells, 286-290 
penetration of walls of well by, 285 
properties of, 279 

pumping through casing, into wells, 
274-276, 286-289 

set of, methods of accelerating, 284- 
285 

set of, variables influencing, 279-283 
strength of, 285 

use of in abandoning wells, 413-414 
use of in excluding water from wcl's, 
269-292, 301 

use of in plugging wells, 276-278 


Cement, variables inf]uencin|f^Bettiii 
time 279-283 
water shut off with, 268 
gun, use of in reservoir constrjkioi 
538-540 ^ 

Cementing casing, 230, 269-292 
equipment for, 286-289 
head for, 274 
planning, 290-292 
plugs for, 271 
preparing the well for, 286 
quantity of cement necessary for, 291 
292 

Center jar socket, 250-251 
Central power plants for well pumping 
428 

Centrifugal dehydration, 504-506 
(Vntrifuge for oil testing, 476-478 
burettes, 477 

Chain belts for driving rotary equipment 
162, 165 

('hemioal composition of petroleum 
2, 3, 6, 37-38 

treatment, dehydration of oil by 
503 

of boiler feed water, 434-436 
(^hilled shot, use of in core drilling, 18 
China, early well drilling in, 91 
Chloride ground waters, 34, 262 
('hlorides, cause of unsoundness ii 
cement, 280 

influence of on setting of cement, 281 
Chloroform, use as solvent in testing fo 
petroleum, 31, 33, 318 
Chopper, rope, 248-249 
(fliuni drilling, (See under Cable drilling. 
Circle jack for setting up cable tool joints 
166-117, 121 

for well pumping, 359, 361 
Circulating head, 139-141, 307-308 
system of drilling, 139- 142 
rotary, 145, 172-176 
wells in preparation for cementing 
286 

Clamps, drive, 221 
Clark drilling engine, 440-441 
cost of drilling with, 454 
Clay, filtration effects of on oil, 17 
Cleaning wells, iini:x)rtance of, 408-409 
Coal, derivation of petroleum from, 10 
12 

relation of petroleum occurrence tc 
character of, 12 
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S t of expansion of petroleum, 

% pressure of casing, 224-226 
sket, 250-251 
asing, 203, 205-206 
; of oil on the lease, 455, 459- 

)etroleum, 4-6 

;e of natural filtration on, 17 
portable drilling machine, 
L38 

Combination drilling rigs and methods, 
186-190 
socket, 250-251 

Common carrier pipe line regulations, 
578-579 

Communication on the oil lease, 586 
Compounds, boiler, 435 
Compressed air, application of to oil 
sands, 417-420 

hot, use of in dehydrating, 497 
pumping of wells with, 37-377 
transmission of, 375 

Compressors for operating air lifts, 
374-375 

Concrete, impermeability against oil 
seepage, 529-530 

reservoirs, 533-540. (*SVr alao under 
Reservoirs.) 

tanks, reinforced, 527-533 
Conductor, setting the, 98 
Cone bits, rotary, 150-151 

recommended pressures for, 170 
Conglomerate, porosity of, 16 
Connate waters, 261 

Contour maps, underground structure, 
68-70, 74 

Control casing head, 303-304 

valves for high pressure wells, 308- 
311 

Convergence maps, 69 

Cordage for cable-drilling rigs, 107-114 

Core barrels, 183 

drilling, bibliography, 200 
rotary, 180-183 

Corrosion of casing and well cquiiinient, 
299, 410-411 

Corrugated iron tanks, 513 
socket, 250-251 

Cost accounting, bibliography, 627 
Cost keeper, work of the, 607-612 
department, equipment of, 589 


Cost of, boiler water treatment, 436 
casing, 201. (See also Tables under 
drilling costs.) 

dehydrating of petroleum, 498-499, 
503 

drilling, 193-200 
form for recording, 608 
rigs, 195-199 

maintaining production, 400 
pipe line construction and operation, 
576-578 

I^ower for oil field purposes, 451-454 
producing oil, 381-384, 400 
pumping oil tirells, 378-384 
Smith-Dunn process, 419 
welding oil well casings, 229 
Cost records, 607-612 
graphic, 610-611 
summaries of, 610 

(Cottages for oil company employees, 595 
Cottrell process for dehydrating petro- 
leum, 500-503 

Counter-balancing the walking beam, 350 
Couplings, rotary drill pipe, 155-157 
Crane, derrick, 130-131 
Crank of cable drilling rig, 93-94, 103 
shaft of cable drilling rig, 103 
Creosoted timber, use of in derricks, 101 
Critical velocity in flow of oil in pipes, 550 
Crown block, 93-94, 106 
eVozier’s formula for computing flow of 
oil in pipes, 561 

C hit of an oil sample, defined , 465 
(hitter, casing, 243-244 

D 

D. & B. plunger pump, 342 
Dart valve for bailer, 123-124 
Dead line of hoisting cable, 94 
Decline of wells, 82-84, 392, 395 
Deeiiening wells, 413 
Dehydration of petroleum, 492-506 
bibliography on, 507 
electric, 501-503 
DeLaval oil purifier, 505-506 
De La Vergne oil engine, 443-445 
Delay in drilling, production lost by, 
404-405' 

Density of natural gas, 7 
of petroleum, 5, 6, 9 

influence of sulphur on, 263 
temperature, standard, for measure- 
ment of, 5 
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Density of petroleum, testing, 473 
variation of with temperature, 554 
of steam, 439 

Depletion accounting, 602-603, 606 
Depreciation accounting, 602-604 
Depth of oil, measurement of in tanks, 
465-469 

of oil sands, influence on ultimate 
production, 292 

of wells, measurement of, 133-135, 
177 

Derrick crane, 130-131 
Derricks, 95-103 
collapse of, 101, 233 
combination wood and steel, 101 
construction of, 97-98 
design of, 102 
dimensions of, 96 
guying, 102 
life of, 101 

materials used in, 95-96 

safety railings and platforms, 149 

steel,’ 98-102 

strength of, 102 

tubular steel, 98, 100 

weight of, 101 

wind pressure on, 102 

wooden, 96-98 

versus stee^, 101-102 
Development of oil properties, 73-88 
bibliography on, 88 
economics of, 85-86 
planning, 77-88 
Devil’s pitch fork, 255 
Diameter of wells, economic, 90, 223 
Diamond B X casing^ 203-204, 206-207 
Diamond drilling for oil, 190-192 
bibliography on, 200 
bit used, 190-191 

Diamond pointed bit, rotary, 153-154 
Diastrophism, influence of on oil accumu- 
lation, 15, 20 

Diatomaceous shales, petroleum from, 

10 , 11 

Die nipples and collars, 242 
Diesel engines, 443-445 
Dikes, mud, 31 

Dilution, influence of, on sotting of 
cement, 282 

Dip of strata, influence on oil accumula- 
tion, 14, 75 

Disc bits, rotary, 150-152 

valve for bailer, 123-124 


Disc wall packer, 266-267 
Discovery, reward for under leasing law, 
41-42 

Distillation of petroleum, earth, 8, 10-12 
products of petroleum, 8, 9 
of water from emulsions, 497-498 
test for water content of oil, 477- 
478 

Distributing accounts, 600, 602 
of petroleum, geologic, 35 
bibliography on, 38 
Ditch, rotary mud, 149 
Divining rod, 37 
Dollies, casing, 219 
Dome structure, forms of, 22 
influence on oil accumulation, 14, 21- 
22 

locating test wells on, 22 
Drag bit, rotary, 153-154 
Drainage of oil sand, 385-424 

area influenced by a well, 402-403 
governed by gas expansion, 394 
slopes about wells, drainage, 388 
of oil sumps, 457 

Draw works, rotary, 146, 159-161, 163 
Dressing of drilling bits, 116 
Drill collars, rotary, 154-155 
pil)e, rotary, 155-157. {See also under 
Drill stem.) 
stem, cable tool, 118 
rotary, 145, 155-157 
adding a new length of, 168 
inserting and withdrawing, 157 
recovering fractured, 256-257 
Drilling, 89-200 
bits, cable tool, 114-116 
dressing of, 116 
rotary, 149-154 

cable or churn method, 89-143, {Sec 
also under Cable drilling.) 
cables, 107-112 
bibliography on, 142-143 
circulating method, 139-142 
combination method, 186-190 
costs, 193-200 
form for recording, 608 
graphic, 611 
diamond, 190-192 
electric power for, 447 
fuel oil consumed in, 438 
methods, 89-200 
bibliography on, 142-143, 200 
churn drilling, 89-143 
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Drilling methods, early development of, 
90-92 

general requirements of, 89-90 
rotary, 144-200 

natural gas consumed in furnishing 
power for, 431 
power cost of, 452-454 
power requirements of, 427 
records, chronologic, 63 
rigs, American Standard Cable, 92-125 
cable tool, portable, 135-139 
combination, 186-190 
cost of, 195-199 
diamond drilling, 190-192 
rotary, 144-167 

speed and rate of progress, cable Uk>1s, 
132-133 

rotary, 132, 171 

time of, influence on ultimate produc- 
tion, 404-405 
tools, cable, 114-120 
action of, 126-128, 131 
fishing for, 249-253 
Drive clamps and heads, 221 
pipe, 203, 206, 209 
Drive-down trip spear, 239 
Driving casing, 220-221, 232 
Dry -hole cable drilling, 131 
Dump bailers for c(Mnpnting wells, 269- 
271 

Dunn’s sucker-rod (d('vators, 366 
Dyes, use of as flow d(*tectors, 299-300 
Dyniunite, use in parting casing, 215-247 

h: 

Karth-lined reservoirs, 540-541 
Earth work in reservoir construction, 
534-535 

Eccentrics, ])UTnping i)ower, 352 353 
Edge water, definition, 261 
lines, 21 
Elaterite, 6 

Electric dehydration of i^etroleum, 500- 
503 

detonation of explosives, 245- 247 
lighting, 593 

motors, cost of pumping with, 380 
381 

power, 445-449 

cost of, 451 -451 
squibs, 334-335 

electrical heating devices for melting 
wax in wells, 414 


Electro-magnetic fishing tools, 255-256 
Elevators, casing, 94, 214-216 
^ hooks and links for, 217 
sucker rod, 366 
tubing, 367 

Elk Hills Field, Cal., drilling costs in, 198 
Elliott core barrel, 181 
Emsco screen pipe, 325 
Emulsions, oil and water, 493-496 
dehydrating of, 496-^06 
Engine house for cable drilling rig, 93 
Engines, gas, for drilling and pumpiiig, 
440-443 
gasoline, 44% 

internal combustion, 440-445 
oil, 443- 445 
steam, 436-439 

control of, in cable drilling, 127 
for rotary drilling, 163 
Engineering department, 587 
Engler viscosity, computing absolute 
viscosity from, 553 

Engler ’s animal theory of petroleum 
origin, 11 

Eosine, use as flow detector, 300 
Plqual expectations, law of, 406-407 
Equations for computing flow of oil from 
sand, 394-395 
Ethane in natural gas, 7 
Ether, use of in dehydrating, 503 
identifying oil films on water, 29-30, 33 
solution tests for petroleum in rocks, 
31, 33 

Evaporation losses of oil in sumps, 456- 
457 

Evaporation losses of oil in tanks, 511, 
526 

Evaporation of water from emulsions, 
497-498 

Evaporative power of fuel oil under 
boilers, 427, 432 

Exclusion of water from wells, 264-301 
bibliography on, 301 
Expansion of petroleum, 5, 467 
Expectations, law of equal, 406-407 
Expense accounts, 602 
general, distribution of, 609 -610 
Explosion hatches, steel tank, 524-525 
Explosives, use in extinguishing gas well 
fires, 314-315 

Explosives, use in parting casing, 245- 
247 

Extinguisher, gas well fire, 313-314 
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Fair elevators, 215 

Fanning’s formula for flow of liquids 
through pipes, 550-551 
use of in computing steam flow, 438 
Farms, tank, 508-510 
Faults, influence on oil accumulation, 
24-26 

Ferric oxide in oil well cements, 279-" 280 
Ferric salts, use of in dehydrating oils, 
503 

Films, oil on water, identifying, 29 
Filters, use of in dehydrating, 50() 
Filtration of oil through clays, 17 
Financial accounts, 601-602 
Finishing the well, 318-336 
bibliography on, 336 
Fire prevention and control, oil storage 
tanks and reservoirs, 541-544 
on the oil producing property, 594 
risk, oil in storage, 512 
walls about oil tanks, 510 
Fi refoam, 542-543 
Fires, well, 311-317 
reference on, 317 
Fish remains, petroleum from, 1 1 
Fish-tail bits, rotary, 149-150 
Fishing tap, 242 
tools and methods, 236- 258 
bibliography on, 257-258 
Flash point of petroleum, 5, 8 
Flat holes, cause of, 1 29 
Floating plugs, 220 

Floats for indicating oil level in tanks, 468 
Flooding of oil sands, 264 

increasing oil recovery by, 420-423 
Flow curves, oil in pipes, 563 
Flow nipples, 338 

Flow of oil from wells, inducing, 339 
Flow of oil through pipes, 548-565 
computation of, formulae, 548-565 
critical velocity, 550 
density of oil, influence on, 554 
graphic methods of estimating, 562 
gravity, influence of, 557 
power consumed by, 564-565 
problems illustrating use of foimulae, 
557 

temperature, determining average, 555 
turbulent flow, 550 
viscosity, influence of, 552-553, 556 
viscous flow, 549 


Flowing wells, 337-339 
capping of, 308-311 

Fluid level in wells, influence on rate of 
production, 407-408 
measuring, 293 

Fluorescein, use as flow detector, 300 
Flush jointed casing, 203, 210-211 
production, cause of, 399 

following period of idleness, 396 
Foamitc, use of in tank fires, 542-543 
use in buildings, 594 
Foraminifera as a source of petroleum, 10, 
11 

at tidy of, in correlating well logs, 77 
Forge shop facilities, 584 
Formation samples, securing, 177-183 
Formation water shut-off, 268-269 
Foukes steel derrick, 98 
Four-day cementing process, 285 
Fox trip spear, 239 

Foxboro liquid depth indicator, 468-469 
Franklin well-pulling machine, 370 
Free-fall drilling rigs, 89 
Freezing ])oint of petroleum, 5 
Froth, use of in extinguishing tank fires, 
542-543 

Frozen casing, methods of freeing, 231- 
232 

dangers in pulling, 233 
Fuel oil consumed in field lioilcrs, 431- 
433, 438 

calorific valm* of, 432 
Fuels, boiler, 430 

Fullers’ earth, influence on petroleum, 
17 

Future jiroduction of wells, estimating, 
406-407 

(i 

(lage plate, use of in reservoirs, 466 
(iager, duties of, 464 
Ciaging of petroleum, 463-473 
bibliography on, 478 
individual wells, arrangements for, 
463-464 

tanks for, 464-473 
(lalician rod-tool drilling rig, 89 
Clalvanometer use in testing circuits in 
shot firing, 247 

(larbutt rod of plunger pump, 343 
(las engine power, cost of, 452-454 
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Gas engines for drilling an<l j)uin])iug 
wells, 440-443 

cost of pumping wells with, 379^-3S() 
natural, action of in moving petroleum 
through rocks, 13 
analyses of, 7 

association of with petroleum, 13 
burners, 430-431 
calorific value of, 431 
chemical composition of, 7 
consumption of in furnishing power 
for drilling, 431 

consumption of in gas engines, 442 
explosibility of, 8 

high-pressure, use in increasing recov- 
ery of oil, 419-420 
increase in production through appli- 
cation of vacuum, 416 
indication of presence of petroleum, 
30, 33 

influence of on operation ot plunger 
pump, 350 

influence of on setting of cement in 
wells, 283 

leakage from tanks, influence of on 
evaporation losses of oil, 51 1 
pressure of in oil deposits, 13 
production of, recording, 621 
properties of, 7, 30 
separation of in gathering system, 463 
solubility of in oil, 386 
specific gravity of, 7 
system of conserving in oil storage 
tanks, 527 
traps, 482-492, 506 
use of as boiler fuel, 430-431 
volumetric production of from oil 
w'olls, 13 

pressure, cause of oil drainage, 337 - 
339, 387 

control of with mud-laden fluid, 175- 
176 

effect of on migration of oil, 12 13 
effect of within storage tanks, 520 
influence of on method of finishing 
the well, 318 

production, influence of trap pressure 
on, 490-492 

relation of to oil production, 394 
sands, recording of in well logs, 62 
65 

well fires, 312-315 
Gasoline engines, 443 


Gasoline 'in natural gas, increase of 
through use of vacuum, 416 
engines, temperature distillation range 
of, 9 

use of in centrifuge test, 476-478 
use of in dissolving wax in wells, 414 
Gathering of oil on the lease, 455, 459-464 
bibliography on, 478 
Gear base for shaft drive rotary, 162-163 
Geared pumping powei' 352-353 
Gem oil burner, 432 

General expense, methods of distributing, 
609-610 « 

Generators, electric, 445-446 
Gt*ologic age of petroleum-bearing rocks, 
35 

sections, 66-68 

Gciologiiial structures, favorable to oil 
accumulation, 18-29 
Geologist, resident, duties of, 588 
Geology, application of in petroleum 
exploration, 36-37 
Getty oil well screen, 326 
Gilsonite, indication of petroleum, 31 
properties of, 6 

Glass bottom dump bailer for cementing, 
269, 271 

Go-devil for detonating explosives, 333 
Golden Gate cement, .analysis of, 279 
Grab, alligator, 255 
bailer, 254 
Grabs, rope, 248-249 
Graham packer, 272-273 
Grahamitc, indication of petroleum, 31 
properties of, 6 

Gravity, influence of, on flow of oil 
through pipes, 557 
on oil accumulation, 13-15 
on oil drainage, 387 
of oil, testing, 473 
Grease for rotary tool joints, 157 
Grief stems, rotary, 147, 157-158 
Griffin casing tongs, 219 
Grip, adjuster, 348 
Grip rings for rotary table, 158 
Ground waters, saline, bibliography on, 
300-301 

chemical 'constitution of, 261-263, 281 
influence of on setting of cement, 280 
Guiberson-Crowell plug, 278 
Guides, casing shoe, 220 
Gulf Production Co.’s core barrel, 181- 
182 
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Ciumbo, reaction of on cable drilling tools, 
134 

on rotary tools, 178 f 

Gun barrel wood-stave tanks, 515 
Gunnitc, use in reservoir construction, 
538-540 
Guy wires, 113 
Guying derricks, 102 
Gypsum, action on oil, 4 

influence on sefting of cement, 280 
reaction on cable drilling tools, 134 

II 

Hall cementing plug, 271 
Hardison casing tongs, 219 
Hatchettite, properties of, 6 
Hazen and Williams formula, application 
of to oil flow through pipes, 560 
Heads, casing, 348 
circulating, 139-141 
drive, for casing, 221 
use of in controlling high-pressure wells, 
307-308 

Heat, radiation of and effect on flow of oil 
through pipes, 555 

tests used in identifying petroleum, 31 
treatment of boiler water, 435 
of emulsions, high cost of, 498-499 
use of in dehydrating emulsions, 496- 
500 

in melting wax in wells, 414 
Heating surface in steam boilers, 427 
Heaving sand, effect of in wells, 319, 
412 

Heeter’s mouse trap, 248-249 
swab, 331 

Helium in petroleum, 2 
Hercules electric squib, 247 
High-pressure wells, control of, 302-317 
bibliography on, 317 
Hitching on, 126 

Hofer’s vegetable theory of petroleum 
origin, 11 

Hoisting block, 94, 145, 147, 159, 216- 
217 

cable, rotary, 159 
drum of rotary draw works, 146 
Hold-in swing for pumping jwwer trans- 
mission lines, 354, 356, 358 
Hold-up posts for pumping i:>ower trans- 
mission lines, 354 
Holt drilling engine, 440-441 


Hook gage, 468 

and links for casing elevators, 217 
for rotary hoisting block, 147, 159 
wall or bit, 252 
wall packer, 266-267 
Horn socket, 250-251 
Hose, rotary armored, 167 
Hot compressed air, use in dehydrating, 
497 

Hot-water treatment of emulsions, 496- 
497 

Housing of oil company enijiloyees, 87, 
595-596 

of steam boiler plants, 428 
Huber accelerator for oil-well cement, 
284-285 

Hughes cone bit, 150-151 

recommended pressures for, 170 
disc bit, 150-152 
milling tool, 253 
weight indicator, 171-172 
Hydraulic jacks, 221-222 
lime, analysis of, 279 

use of in excluding water from wells, 
283- 284 

j)ressure, influence on oil accumulation, 
15 

rotary system of drilling, 144-200 
Hydrocarbon gases, indication of presence 
of petroleum, 30, 33 
Hydrocarbons in natural gas, 7 
in petroleum, 2-3 

Hydrochloric acid, use in dehydrating, 
503 

Hydrogen in natural gas, 7 
sulphide in natural gas, 7 
in petroleum, 1, 4 

indication of presence of petroleum, 
30, 33-34 

jiresence of in ground waters associated 
with petroleum deposits, 262 
Hydrology, oil field, 259-301 
bibliography on, 300-301 
Hydrometers, oil, 473-474 
Hydrostatic pressure, influence on oil 
drainage, 387 

I 

Ideal elevators, 215 

Idle time, influence on ultimate produc- 
tion, 399 

Ignition systems for gas engines, 442 
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ImpreBsion block, une in fishing, 257 
Impsonite, properties of, 6 
Income accounts, 603 
and expense account, 626 
Indian reservations, land titles on, 44 
Indications of petroleum, subterranean, 
33 

surface, 29-33 

Initial production of wells, relation to 
later rate of production, 393-395 
significance of decline of, 400-401 
Inorganic origin of petroleum, 8, 10-U 
Inserted joint casing, 203, 210 
Interference, well, influence on oil 
production, 397 

Intermediate water, definition, 261 
Internal combustion engines, 440 445 
Invoices, checking of, 617 
Iron fragments, use in recovering rock 
cores, 181 

oxide, distinguishing from oil films, 29 
Irons, rig, 106 

J 

Jack, circle, 116-117, 121 
latch or boot, 253- 254 
posts, 93-94, 103 
pumping, 358-359 
pumping systems, 351-365 
squib, 333 

Jacks, casing, 221-222 
pumping, cost of, 381 
Jar knocker, 252-253 
sockets, 250-251 

tempering the, in cable drilling, 127 
Jars, drilling, 114, 117-118 
fishing, 237-240, 244 
recovering of by fishing, 250-251 
use of in cable drilling, 128-129 
Joints, cable tool, 116-118 
size of, 117 

Joints, rotary tool, 157-158 
Jones and Hammond pumping jack, 
358-359 

K 

Kellerman chain tongs, 219 
Kelly joint, rotary, 157 
Kerogen in oil shale, relation lo 
petroleum, 10 


Kerosene/ temperature distillation range 
^ of, 9 

•Keystone, wire-wrapped oil-well screen, 
326 

Kinematic viscosity, of oil, 553 
of steam, 439 

relation to absolute viscosity, 554 
Kline swab, 331 

Knapp rotary core barrel, 181-182 
Knives, rope, 248-249 

L 

Labor expense, distribution of, 612 
segregation records, 613-614 
Laboratory facilities on the oil lease, 588 
Lagging, wooden, use as sheathing on oil 
tanks, 526-527 

Lakeview No. 2 gusher, Sunset Field, 
Cal., 312 

Land, cost of for oil storage, 510 
laws, Th S. Mineral, 39-45 
oil, acquisition of title to, 39-55 
bibliography on, 55 
ownership, legal aspects of. 45-46 
Landing casing, 230 
Lap-welded casing, 203 
Latch or boot jack, 253-254 
Latent heat of vaporization of petroleum, 
5 

Law of equal expectations, 406-407 
Layne and Bowler canvas packer, 265 
oil well screens, 326-? -27 
Lead plugs, 278 

Lease, oil and gas, terms of, 49-52 
Leases on U. S. public lands, regulations 
governing, 42-44 

Leasing law of 1920, IJ. S. Mineral land, 
40-44 

oil and gas land, legal aspects of, 53- 
55 

from private owners, 48 
practices, 52-53 

Ledger system of accounts, 599-603 
Lenticular oil sands, influence on oil 
accumulation, 26-28 
Liabilities, oil company, 625 
Library, technical, oil company, 591 
Life of wells, economic, 405-406 
Lightning arresters for tanks, 541-542 
Lime, hydraulic, use in excluding water 
from wells, 283-284 
analyses of, 279 
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Lime, use of in water treatment^ 434 
Limestone as a source of petroleum, 11 
porosity of, 16 

reaction of on cable drilling tools, 134 
reaction of on rotary drilling tools, 178 
Limit plug, 278 
Line pipe, 559 

shaft of rotary draw works, 146-147 
Liner, setting of in wells, 319-320 
welding of, 324" 

Liners, use of in casing spiders, 218 
Lines, power transmission, for multiple 
pumping, 353 c 

Lithological character of petroleum bear- 
ing rocks, 16 
Loading racks, 580 

Locating test wells, on domes and anti- 
clines, 22 

on monoclinal structure, 24 
Locomotive type of boiler, 426-427 
Log data, gathering, with cable tools, 
133-134 

with rotary tools, 177-183 
lx)gs, correlation of, 66-67, 76-77 
graphic, 60, 63-66 
symbols for, 60, 63-65 
well, 57, 60-66 

Logarithmic decline curve, 395-396 
equations for computing oil flow from 
wells, 394-395 
viscosity graphs, 556 
Looping of oil pipe lines, 576 
Lorraine gas trap, 485-486 
Lubricant for casing threads, 228 
for rotary tool joints, 157 
Lubricating casing in tight holes, 233 
oil, temperature distillation range 
of, 9 

Lubricator, use of, 306-307 

Lucey canvas packer, 265 

Lugs, under-reamer, dressing of, 123 

M 

Machine shop facilities, 584 
Maddren casing tongs, 219 
Magnesia, cause of unsoundness in 
cements, 280 

percentage of in oil-well cements, 
279-280 

Magnetic disturbances about oil deposits, 
11, 37 

Ashing tools, 255-256 


Mahoney pipe-screwing machine, 668- 
569 

Maintaining production on an oil 
property, 399-400 

Management of oil properties, 385- 
424 

bibliography on, 424 
Mandrel socket, 241-242 
Manila cordage for cable drilling, 107- 
109, 113-114 

Mannington elevators, 215 
Mapping, oil field, 66-72 
Maps, convergence, 69 
field, 56-58 
symbols for, 56-57, 64 
property, 57, 59 

underground structure contour, 68-70, 
74 

Marietta process, 417-420 
Materials received report, 617-618 
Mathematical equations for computing 
flow of oil from wells, 394^395 
McDonald process for plugging wells 
with cement, 276-277 
McEvoy oil-well screen, 326-327 
McLaughlin gas trap, 486-488 
Measuring casing, 234-235 
depth to fluid level in wells, 293 
Mendeleef’s carbide theory of petroleum 
origin, 11 

Meteorites, petroleum in, 11 
Meters, oil, 469-470 
Methane, in natural gas, 7 
in petroleum, 3 
solubility of in petroleum, 386 
Mexico, acquisition of oil lands under 
laws of, 46-47 

Microscopic studies of emulsions, 494, 
499-500 

Midway packing head, 374 
Migration of petroleum, natural forces 
assisting, 12-15 
of water through sands, 296 
Milliff dehydrating method, 497 
Milling tools, 253 
Mineral character of petroleum, 7 
grains, study of in correlating well 
logs, 77 

Land Laws of the U. S., 39-46 
Leasing Law of 1920, 40-44 
Placer Law of 1872, 39-40 
wax, indication of petroleum, 31, 33 
properties of, 6 
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Minitig of oil sands, 423-424 
Mixing cement for use in wells, 286-290 
Models, peg, 69, 71-72 
Moissan’s volcanic theory of petroleum 
origin, 11 

Monoolinal structure, favorable for oil 
accumulation, 23 
locating test wells on, 24 
Montebello oil field. Cal., map and 
sections of, 68, 70 

Mortenson well-capping device, 310-311 
Mother Hubbard drilling bit, 115 
Motor truck transportation, 585 
Motors, electric, 446-447 
Mouse trap, Heeter’s, 248-249 
Mt.- Diablo oil well cement, analysis of, 
279 

Mud dilution, influence on sotting of 
cement, 282 
ditch, rotary, 149, 173 
securing formation samples from, 179 
use of in extinguishing well fires, 315 
mixer, mechanical, 148 
mixing methods, 173-174 
pit, rotary, 149, 173 
pumps, use in circulating drilling, 141 
removal from wells before cementing, 
286 

sockets, 125 

volcanoes and dikes, evidence of 
petroleum, 30 

Mud-laden fluid, action of in rotary 
drilling, 172-176 
bibliography on, 200 
penetration of sand stones by, 175 
physical properties of, 174 
use of in controlling high gas pressure, 
175-176, 305-308 

Mudding, exclusion of water from w^ells 
by, 295-298 

under pressure, 297-298, 306 
Multiple pumping systems, 351-365 
balancing the load on the central 
power, 362-365 
cost of, 365, 381 
design of, 362-365 
j)Ower requirements of, 265 

N 

Naphthene hydrocarbons in petroleum, 3 
National combination sucker rod socket, 
366 


Nationail semi-portable drilling rig, 137* 
138 

Natural gas, (See under Gas, natural) 
Nevada Petroleum Co., dehydrating 
plant, 497-498 

New Era rope socket, 118-119 
Nipple, die, 242 
flow, 338 

Nitrogen in natural gas, 7 
in petroleum, 2, 6, K) 

Nitroglycerin, effect of explosion in 
wells, 335 

spontaneoi^s explosion of, 335 
use of in parting casing, 245-247 
use of in well shooting, 332-335 

O 

Odor of petroleum, 4, 5 

influence of sulphur and nitrogen 
compounds on, 4 

Office methods and records, 598-627 
bibliography on, 627 
Offices, administrative, 587 
Offsetting, 78 

production lost by not, 404-405 
Oil, (See also under Petroleum.) 
burners, 432 
calorific value of, 432 
cost of i)roducing, form for, 608 
development, economics of, 85-86 
dilution, influence on setting of cement, 
282 

engines, 443-445 

use of in pipe line operation, 572- 
573 

evidence of in low pressure wells, 318 
expulsion of, from sand under pressure, 
389-390 

factors influencing productivity and 
form of, 75-76 

fields, determining limits of, 73-74 
hydrology, 259-301 

fires, prevention of in storage tanks 
and reservoirs, 541-544 
flow of from sand, governed by gas 
expansion^ 394 

flow of through pipes, computing, 548- 
565 

influence of gravity on, 557 
problems illustrating application of 
flow formulas, 557-560 i 
fuel consumed in drilling and pumping, 
438 
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Oil, gaging of, 464-473 
gathering systems, 455, 459-464 
increasing recovery of by flooding 
sands, 420-423 

through use .of high pressure gas, 
419-420 
meters, 469-470 

pipe lines, 565-570. (See also Pipe 
lines. Oil.) 

production, bibKography on, 424 
decline curves, 394-395 
t effect of back pressure on, 398-399 
estimating future, 406j^407 
graphic method of displaying, 396- 
397 

in association with water, 411-412 
influence of trap pressure on, 490- 
492 

influence of well interference on, 397 
methods, 337-425 
relation of to gas production, 394 
properties, development of, 73-88 
bibliography on, 88 
planning the development of, 77-88 
property depletion, 606 
removal of from wells, 337-384 
sampling, 470-473 
sands, drainage of, 385-424 

effect of water incursion on, 263 
identification of in wells, 33 
influence of depth and thickness on 
ultimate production, 292 
minerals present in, 17 
mining of, 423-424 
recording of in well logs, 62-65 
securing production from uncon- 
solidated, 409 
savers, 304-305 

separation of sand, gas and water 
from, 480-507 

shales, relation of to petroleum 
deposits, 10 
tests for, 32 
storage, 508-544 
bibliography on, 544 
string, setting of, 319-320 
testing, 473-479 
bibliography on, 478-479 
thieves, 471-472 
transportation of, 545- -582 
ultimate production of as influenced 
by drilling programme, 82-84 
use of as fuel under boilers, 431-433 


Oil water in, source, amount and condi* 
, tion of, 492-493 

well or wells, oil, America's firsts 92 
area drained by, 390-391 
decline characteristics of, 892 
economic depth and diameter of, 90 
economic life of, 405-406 
fires, 315 

plunger pump for, 341-347 
repair of, 365-370 
preparing for production, 336 
pumping costs, 378-384 
pumping, selection of method of, 
377-378 

spacing of, 401-403 
Oilfields-Holland core barrel, 181-183 
Oilwell high-pressure gas trap, 483-485 
pumping unit, 362 
Okell rotary core barrel, 181 
Oklahoma pattern pumping jack, 358-360 
Olefin hydrocarbons in petroleum, 3, 6 
Openings in rocks, character of, 385-886 
Operating accounts, 603 
Organic origin of petroleum, 8, 10-11 
Organization of oil companies, 598-599 
Orifice meter, use in oil measurement, 
469-470 

Origin of petroleum, 8 
Outage tables and measurements, 466- 
468 

Outcrops, bituminous, 31 
Overman drilling bit, 115 
Overshot, use of, 240-241, 256 
Oxyacetylene welding of liners in wells, 
324 

Oxygen in natural gas, 7 
in petroleum, 2, 6 . 

Ozocerite, indication of petroleum, 31 
properties of, 6 

P 

Packers, 264-269 
Packing spider, 304 
Painting oil pipe lines, 569 
oil storage tanks to reduce evapora- 
tion losses, 526 

Palaeontology, application of in petro- 
leum exploration, 35-36 
Palaeozoic formations, productive of 
petroleum, 35 

Paraffin, action of acids on, 4, 6 
action of solvents on, 4, 6 
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Piuraffin, base petroleums, 3, 4 
dirt, as indication of petroleum, 3? 
hydrocarbons in petroleum, 3, 6, 7 
wax, removal of from wells, 414 
Parker working valve for oil-well pumps, 
345-346 

Parkersburg wire-line pumping equip- 
ment, 345-346 

Parsons and Barrett combination drilling 
rig, 188-189 

Parting casing with explosives, 245-247 
frozen casing, 233 
Peg models, 69, 71-72 
Pendulums for pumping power trans- 
mission line supports, 354-355 
Penetration of wall rocks by cement, 285 
Perforating casing, 230, 320-325 
Perforations in casing, record of in well 
log, 62-65 

cleaning solid paraffin from, 414 
Perforators, casing, 320-323 
Perkins cementing equipment, 286-289 
Perkins process for cementing wells, 
274-275, 277 

Personnel department, functions of, 589 
Petroleum, {^ee also under Oil.; 
accumulation of, 12-29, 38 
appearance of on water, 4 
chemical composition of, 2, 3, 6, 37-38 
cost of producing, 381-C84 
deposits, influence of geologic structure 
on, 18—29 

distillation products of, 8, 9 
distribution of in geologic column, 35, 
38 

exploration and prospecting, 1-38 
films on water, identifying, 29 
forms of, 1, 3, 6, 7, 
gaging of, 464-473 

gathering of on the lease, 455, 459-464 
impurities in, 2 

legal aspects of ownership and control 
of, 45-46 

mineral character of, 7 
origin of, 8, 38 

percentage recovery of, 391-392 
physical properties of, 37-38 
preliminary refining of, 480-507 
bibliography on, 506-507 
production methods, 337-425 
bibliography on, 384 
properties of, 4-9 
sampling of, 470-473 


Petroleum, separation of sand, gas and 
water from, 480-507 
storage, large scale, 508-544 
at the well, 458-459 
subterranean indications of, 33-35 
surface indications of, 29-33 
testing, 473-479 

bibliography on, 478-479 
for presence of in rock samples, 
31, 33 

thermal properties of, 7 

ultimate recovery of, 392 • 

water in, 492-493 

Petroleum Rectifying Co.'s, dehydrating 
apparatus, 501-503 

Phenol, use of in breaking emulsions, 478 
use of in dehydrating, 504 
Photography, possible use of in fishing, 
257 

Pickin rotary drill, 152-153 
Pin socket, 250-251 

Pipe, (See also under Casing and Tubing.) 
computing flow of oil through, 548-565 
coverings for reducing steam radiation 
losses, 439 
drive, 203, 206, 209 
gas traps, horizontal, 489-490 
vertical, 482-483 

iron and steel, methods of manufactur- 
ing, 203-204 

joints for use on oil lines, 565-566 
laying by hand methods, 567-568 
line transportation of petroleum, 546- 
579 

economic importance of, 545 
historical development of, 546 
hot-oil system, principal features of, 
547 

rifled pii>e system, 547-548 
lines, oil, 546-579 

back-filling trench for, 570 
bibliography on, 582 
common carrier regulations govern- 
ing operation of, 578—579 
construction of, 566 
cost of construction and operation of, 
576-578 
design of, 561 

equivalent length of various sizes of, 
557 

joints for, 565-50G 
labor employed in o|)erating, 575- 
576 
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Pipe lines, laying pipe for, 568 . 
lowering into trench, 670 
operation of, 574-576 
protective covering, applying to, 569 
pumping station lay-out and equip- 
ment for, 571-573 

regulations governing operation of, 
578-579 

runs, necessity for separate, 575 
sea anchorages for, 570 
stream and road erossings for, 570 
t testing of, 574 
trenching for, 567 
rotary drill, 155-157 * 

adding a new length of, 168 
inserting into and withdrawing from 
the well, 157 

recovering fractured, 256-257 
sampler, 471 

screen, methods of setting, 328-330 
screwing machines, 567-569 
shop facilities, 584 
perforated, 324-325 
sizes of used in oil gathering systems, 
462-463 

standard and line, table of dimensions 
and weights, 559 
threaded joints for, 202-211 
threads, 204-205 
trade customs, 204 
up-set end, 203, 209-210 
wash, use of, 329-330 
Pit, mud, for rotary rig, 149 
Pitchfork, devil’s, 255 
Pittman, cable drilling rig, 93-94 
steel, 99-101 

Placer mineral land law of 1872, V. S., 
40 

Plant, depreciation of, 604-605 
oil field, development of, 86-88 
Plugging wells, 330 
with cement, 276-278 
Plugs, cement, 271 

floating, for casing, 220 
Perkins, for cementing, 275, 27*7 
types used in wells, 277-278 
Plumb-bobs for oil gaging, 468 
Plunger of oil-well pump, 342, 344 
Plunger pump, oil well, 341-347 
cycle of operations of, 343-344 
efficiency of, 349 
operation of, 349-365 
repair of, 365-370 


Plunger pump, types of, 344 
pumping, cost of, 378-384 
Pneumercator, 468 

Poiseuille’s formula for computing flow 
of liquids through pipes, 550-551 
Polished rod, 347 

Polymethylene hydrocarbons in petro- 
leum, 3 

Pore friction, resistance of to oil flow, 
389 

Porosity of oil reservoir rocks, 16 
influence on oil accumulation, 15 
Portable cable drilling rigs, 89, 135-139 
Portland cements, (See under Cement, 
Portland.) 

Posts, hold-up, for pumping power trans- 
mission lines, 354 

Power connections for oil well plunger 
pump, 347 

consumption in pumping wells by 
electric motors, 449 
costs, 451-454 
electric, 445-449 
expense, distribution of, 609 
for oil field purposes, 425-454 
bibliography on, 454 
for pumping oil through pipes, formula, 
564-565 

forms of, 425-426 
plants, central, 585 
for well pumping, 428 
provision of for oil properties, 87 
selection of for different purposes, 
450-451 

transmission lines for multiple pump- 
ing, 353 

supports for, 353-358 
types of, for multiple pumping, 352-353 
Precautionary measures for avoiding well 
fires, 316-317 

Premature explosions in well shooting, 
247 

Pressure, application of to oil sands, 
417-420 

collapsing, of oil-well casings, 224-226 
earth, influence of on oil accumulation, 
15, 20 

earth, influence on character of oil, 1, 

10, 12 

effect of on solubility of gas in oil, 386 
on rotary drilling bits, 169-172 
trap, influence on oil and gas pro- 
duction, 490-492 
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Price of oil, influence of on life of wells, 
406-406 

Price record, stpck, 619 
Price request, form for, 616 
Production cost, 381-384 
decline curves, 394-395 
increase in through use of vacuum, 
415-417 

influence of trap pressure on, 490-492 
initial, significance of decline in, 400- 
401 

maintaining, 399-400 
methods, 337-384 
bibliography on, 384, 424 
records, 620-622 
graphic, 621-622 

temporary increase in, following period 
of idleness, 396 

ultimate, influence of drilling pro- 
gramme on, 82-84 
well, estimating future, 406-407 
graphic method of displaying, 396 
Profit and loss account, 626 
Progress, rate of in rotary drilling, 176- 
177 

Prospecting for petroleum, 1-38 
bibliography on, 37-38 
permits, under IJ. S. Leasing Law of 
1920, 40-41 

Prosser rope socket, 118- 119 
Public lands of the U. 8., acquisition of 
title to, 39-55 

Pulling equipment, well, 368-370 
Pumping, oil well, costs, electric power 
for, 448-449 

equipment, causes of inefficiency, 408- 
409 

maintenance of, 407-414 
repair of, 365-370 
surface arrangement of, 347 
fuel oil consumed by steam plant in, 438 
jacks, 358-359 
method, selection of, 377-378 
multiple systems of, 351-365 
Power, balancing load on, 362-365 
connections for, 347-348 
cost of, 452-454 
push and pull, 359-361 
steam boilers for, 428 
tests of wells, 318-319 
units, 360-362 

Pumping stations, oil pipe line, equip- 
ment of, 571-573 


Pumps, Qemeut, 286-287 
mud, use of in circulating drilling, 141 
oil transfer, 460-461 
oil well, 341-347 
efficiency of, 349 
operation of, 349-365 
reducing wear on, 351 
sand, 124-125 
slush for rotary rig, 165-167 
tail, 460 

Purchase of oil lands in fee, 48 
of supplies and equipment, 615-617 ^ 
order, form for, 617 
requisition, form for, 616 
Ihirchasing agent, duties of, 615-617 
Push and pull type of pumping power, 
359-361 

Pyknometers, 476 

Pyrene guns, use of in extinguishing 
fires, 594 

Pyro-biturnens, tests for, 32 

Q 

(Juarterly reports, 627 
(^lick lime, analysis of, 279 

P 

Padiation losses from oil-field boilers, 433 
from steam piping, 438 439 
Radioactivity of petroleum, 5 
Railings, derrick safety, 149 
Railroad transportation of petroleum, 
579-580 
cost of, 581 

economic importance of, 545 
regulations governing, 581 
Rasps, use in fishing operations, 250, 
252 

Rate of production, maintaining, 399-400 
Reamer, four-way, 153 
hollow, 252-253 
rotary, under, 153-154 
round, for cable drilling, 115 
under, 121-123 

Reaming bits, cable drilling, 115 
Records Icept by oil-producing companies, 
623-624 

Recovery of petroleum, percentage, 391- 
392 

Redrilling of wells, 412-413 
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Redwood viscosity, computing, equiva- 
lent absolute viscosity from, 553 
Reed roller bit, 152-153 * 

Refining of petroleum, preliminary, 480- 
607 

bibliography on, 500-507 
Refractive index of petroleum, 5 
Relief measures under the Mineral Land 
Leasing Law of 1920, 43 
Rentals, income fi;pm, 596 
in oil and gas leases, 52 
Reports, administrative, 622-627 
Requisition, stores, form for, 618^619 
Reservoir rocks, oil, lithological character 
of, 16 

Reservoirs, oil storage, concrete lined, 
533-540 

capacities of, 533-534 
concrete surfacing of, 536-538 
construction of, 534-538 
cost of, 538 

drainage of site for, 534 
earthwork for, 534-535 
roofing of, 535 

use of cement gun in construction of, 
538-540 

earth lined, 540-541 
gaging of, 466 

prevention and control of fires in, 541- 
544 

spacing and arrangement of, 510 
Rig irons, 106 
Rig timbers, 93 
Rigby oil saver, 305 
Rings, grip, for rotary table, 158 
Riveted casing, 211-213 
inserting of in well, 227-228 
Riveted steel tanks for oil storage, 515 
Rix’ air-lift formula, 372 
Road crossings for oil pipe lines, 570 
Robinson screw-down packer, 266 
Rock openings, types of, 17 

pores, resistance of to oil flow, 389 
pressure, influence of on oil drainage, 
387 

Rockers for pumping power transmission 
line supports, 354-355 
Rocks, character of openings in, -385- 
386 

petroleum bearing, lithological charac- 
ter of, 16 

pprous, flow of oil through, 389 
Rods, sucker, 343-345 


Rods, tubular, for diamond drilling, 190 
Roller bit, Reed, 152-153 
Roof of oil storage tank, construction of| 
522-523 

Roofing of concrete-lined reservoirs^ 
538-540 

Roofs, wooden, for steel storage tanks, 
525-526 

Rope clamps for temper screws, 120-121 
grabs and spears, 248-249 / 

sockets, cable tool, 118-120 
Rorrison oil thief, 471-472 
Rotary bits, replacing dulled, 168-169 
chain belts, 165 
derricks, 146, 148-149 
draw works, 159-161, 163 
drill pipe or stem, 155-157 
adding a new length of, 168 
fractured, recovering, 256-257 
inserting into and withdrawing from 
the well, 157 

drilling, bibliography, 200 
bits, 149-154 
costs, 193-200 
electric power for, 447-448 
engine, twin cylinder, 163 
equipment, manipulation of, 167-172 
historical development of, 144-145 
mechanical reactions and character 
of cuttings in different rocks, 
178 

methods, 144-200 
rate of progress in, 132, 176-177 
rig, power consumption of, 427 
versus cable drilling, 183-186 
hose, armored, 167 

system of drilling, general features of, 
145-148 
table, 161-165 
tool joints, 157-158 
under-reamers, 153-154 
Rotatory power of petroleum, specific, 5 
Royalty, in oil leases, 49, 52 
Run tickets, use of, 621 

S 

Safety of workmen about high-pressure 
wells, 311 

Safety railings and platforms, derrick, 149 
Saline ground waters associated with oil 
deposits, 32, 34, 261-263 
influence of on setting of cement, 280 



SUBJECT INUMX 


m 


flUiUpe ^ound waters, indication of 
petroleum, 32, 34 

Salt domes, influence on oil accumulation, 
22, 29 

Salts, dissolved, use in tracing migration 
of water, 299-300 

Salvaging casing from wells, 230-231 
Sample containers, 472-473 
Samples, formation, securing with rotary 
equipment, 177-183 
Samples, protection of, 472-473 
Sampling cocks in oil shipping tanks, 
472 

devices for use with rotary equipment, 
180-183 

of petroleum, 470-473 
bibliography on, 478-479 
Sand, application of compressed air to 
increase recovery of oil, 417-420 
bridges, formation of in wells, 410-412 
effect on operation of oil-well pump, 350 
expulsion of oil from, under pressure, 
389-390 

heaving, effect of in wells, 319, 412 
influence of water on flow of, 410 
oil, identification of in wells, 33 
mining of, 423-424 
pumps, 124-125 

reaction of on cable drilling tools, 134 
on rotary tools, 174 
retention of oil by, 390 
scouring effect of on metal, 309 
separation of from oil, 480-481 
unconsolidated, securing production 
from, 409 

use of in dehydrating, 506 
water, definition of, 259-260 
Sand line, 93, 95, 113 
use of in well shooting, 247 
reinforcement for steel tanks, 519 
Sand reel, 93, 95, 105-106 
lever or reach, 93, 106 
Sandstones, porosity of, 16 
reaction of on cable drilling tools, 134 
reaction of .on rotary tools, 174 
Sanitation, oil camp, 596 
San Joaquin Valley fields of California,. 

cost of drilling wells in, 194-200 
Santa Cruz oil well cement, analysis of, 
279 

Sargent rod and plunger rotor, 351 
Saturation, influence of on drainage of oil 
sands, 388 


Savers, oil, 304-305 

Saybolt 'Viscosity, computing equivalent 
absolute viscosity from, 553 
Scale, boiler, formation of from water, 
434-436 

Scharpenberg low-pressure trap, 488-489 
Scheererite, properties of, 6 
Scott cementing equipment, 289-290 
Scott elevators, 215 

Screen pipe, methods of setting, 328-330 
Screens, oil well, 325-328 
Screw casing, 202-211 
insertion of in wells, 228-229 • 

Screw jacks, ^1-222 
packers, 266, 268 

Sea anchorage for loading tankers at oil 
pipe line terminals, 570 
Seamless steel tubing, 203-204 
Seats, valve, for plunger pumps, 342, 345 
Sections, geologic, developed from 
graphic well logs, 66-68 
Seepage losses of oil in storage, 456-457, 
511 

Seepages, oil, as indications of petroleum 
deposits, 29 

Setting time of cement, variables influ- 
encing, 279-283 

Shaft drive for rotary table, 162-163 
Shales, bituminous, as evidence of 
petroleum, 32 
oil, tests for, 32 
porosity of, 16 

reaction of on cable drilling tools, 134 
on rotary tools, 174 
Sharpies centrifuge, 504-505 
Sheet metal shop facilities, 584 
Shells, nitroglycerin, used in well shoot- 
ing, 332-335 

Shipping of petroleum, 455-479 
bibliography on, 478 
Shipping tanks, 472 
Shoe guides, casing, 220 
Shoes, casing, 213-214 
Shooting for production, 332-335 
Shooting iron, use in well shooting, 246- 
247 

Shop equipment for the oil producer, 
583-585 

Shop perforated pipe, 324-325 
Shore lines, relation of to trend of lenticu- 
lar oil sands, 28 

Shut offs, repairing unsuccessful, 293- 
295 
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Shut offs, water, determining proper posi- 
tion of, 29^2^6 
testing efficiency of, 292-293 
Shutter pipe, 325 

Shutting in of wells, influence on future 
production, 396 

Side tracking frozen or parted casing, 
233-234 

rotary drill pipe, 256-257 
Silica, in oil-well cements, 279-280 
Single link elevators, 215 
Sinker bar, 118 

Sfzing of cement, influence on setting, 283 
Skimming oil from wat^r in wells, 
411-412 

Skrutite button screen, 327 
Slichter's data on flow of water through 
rocks, 389 

Slide jar socket, 250-251 
Slip socket, 250-251 
Slips for casing spiders, 218 
for rotary table, 164 
Slotted pipe, 324 

Slush pumps for rotary rigs, 165-167 
Smith-Dunn process, 417-420 
Smith oil and gas separator, 485-486 
Sockets, bell or mandrel, 241-242 
mud, 125 

rope, for cable tool drilling, 118-120 
use of in Ashing for cable tools, 250-251 
Soda, use of in water treatment, 434 
Sodium carbonate, influence on setting 
of cement, 280 

Sodium chloride, influence on setting of 
cement, 280 

Sodium salts, cause of unsoundness in 
cements, 280 

Soil, desirable properties of for tank 
farm sites, 509 

Sokolov's cosmic theory of petroleum 
origin, 11 

Solids, suspended in petroleum, deter- 
mining quantity of, 476-478 
Solvents, use of in testing for petroleum, 
31, 33 

Sorge-Cochrane water-softening process, 
435-436 

South Penn casing, 206 
Spacing, well, 79-84 
influence on ultimate production, 401- 
403 

Spang wire rope knife, 248-249 


Spears, casing, 238-240 
rope, 248-249 

' wash-down, for recovering fractured 
drill pipe, 256 

Specifle gravity balance, 474, 476 
bottle, 474, 476 

computation of from Baum4 gravity, 
554 

of oil-well cements, 279 
of petroleum, 5-6 
chart showing variation of with 
temperature, 554 
relation to Baum4 gravity, 5, 554 
heat of petroleum, 5 

Speed, drilling with cable tools, 132-133 
drilling motors, control of, 447 
drilling with rotary tools, 132, 171 
gas engines, 441 
oil engines, 444 
pumping motors, 448-449 
pumping with the plunger pump, 349 
Spengler core barrel, 181 
Spider, casiiig, 217-218 
packing, 304 
swinging, 139-141 
Splitter, casing, 243-244 
Spud, round, 250-253 
Spudding bit, 115, 125-126 
Spudding with the cable tools, 125-126 
Squibs for well shooting, 333-334 
electric, 247 

Staggering of well locations, 81 
Stancliff oil-well screen, 326 
Standard cable drilling rig, 89-145, 
(See Cable drilling.) 

Standard circulating system of drilling, 
139-142 

Standing valve of plunger pump, 342, 344 
Star casing perforators, 322 
drilling bit, 115 

portable drilling machine, 136-137 
Starke gas trap, 489-490 
Starter joint for riveted casing, 212-213 
State-owned oil and gas lands, acquisi- 
tion of title to, 44 
Steam, boilers, 426-430 
density and viscosity, 439 
engines, 436-438 

cost of pumping oil wells with, 
378-379 

for cable drilling, 92 
for rotary drilling, 163 
head for pumping wells, 362 
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Steam, mixing mud laden fluid with, 

173 

power, 426-440 ' 

coat of, 452-454 

use of in driving oil pipe line pumps, 
571-572 

transmission, 438-440 
use of in combating oil tank fires, 542 
viscosity and density, 439 
Steel cables for drilling rigs, 109-113 
casing, 204 

derricks and drilling rigs, 98-102 
sucker rods, 345-346 
Stem, drill, cable tool, 118 
rotary, 155-157 

Stewart’s formulae for computing collaps- 
ing pressure of casing, 225-226 
Stop-cocking, influence of on oil produc- 
tion, 399 

Storage capacity of oil reservoir rocks, 
16 

conditions, influence on sotting of 
cement 283 

of oil in tanks, 458-469, 508* 544 
bibliography on, 544 
of oil, lease, 455-479 
bibliography on, 478 
Store house, design and equipment of, 
591-592 

Storekeeper, duties, of, 592 
Store, oil camp, 596-597 
Stores, purchase and disiribution of, 
615-620 

record card, form for, 618 
requisition, form for, 618-619 
testing quality of, 619-620 
Stove-pipe casing, 211-213 
insertion of in wells, 227-228 
Strapping of oil tanks, 465-466 
Stream crossings for oil pipe lines, 570 
Strength of jjortland cement, 285 
String of cable drilling tools, 114-120 
Stroke of oil-well plunger pumps, 349 
Structure contour maps, 21, 68-70, 74 
Structure, geologic, influence of on oil 
accumulation, 18 

Stuffing-box casing heads, 374 
polished rod, on oil-well tubing, 347 
Submergence of oil-well pumps, 350 
Substitutes for cable drilling tools, 1 19- 
120 

Sucker rod elevators, 366 
Sucker rod sockets, 366, 368 


Sucker rods, 343 

manipulation of in replacing worn 
pump parts, 367 
repair of parted, 368 
Sullivan diamond drill, 191 
Sulphate ground waters, absence of in 
vicinity of petroleum deposits, 34, 
262 

Sulphates, cause of unsoundness in 
cement, 280 

influence of on settlhg of cements, 280 
Sulphur compounds, influence of on 
density of petroleum 263 • 

in natuiial gas, 7 

gases, as indication of petroleum, 30 
in petroleum, 2, 10, 17, 30 
waters, as indication of petroleum, 33- 
34 

Sulphuric acid in ground waters asso- 
ciated with oil deposits, 30 
Sumps for storage of petroleum, 456 
drainage of, 457 

Sunset Field, Cal., cost of drilling in, 194, 
197 

Supplies, purchase and distribution of, 
615-620, {See also under Stores.) 
Supports, power transmission line, for 
multiple pumping, 353-358 
Surface, heating, in steam boilers, 427 
indications of pf < ruleum, 29- -33 
Suspense accounts, 602 
Swabbing, extraction of oil from wells 
by, 330-331, 341 
Swage, casing, 237-238 
Swan under-reamer, 122 
Swing pi])e for oil storage tank, 523 
swivel joint for, 525 
Swinging spider, 139-141 
Swivel, rotary, 145, 147, 158-159 
Swivel wrench, 130 
Symbols for oil field maps, 56-57, 64 
Symbols, well log, 60, 63-65 

T 

Table, rotary, 161-165 
Tables, tank, 465-467 
Tail pumps, 460 
Tank c^rs, railroad, 579-580 
regulations governing use of, 581 
Tanks, oil storage, arrangement of, 510 
collapse of by wind pressure, 519 
concrete, reinforced, 527-533 



660 


SUBJECT 


Tanks, concrete, advantages and dis- 
advantages of, 528 
capacities of, 529 
construction of, 532-533 
design of, 528, 530-531 
construction of, 521-524 
design of, 517 

evaporation losses from, methods of 
reducing, 526 
farms, 508-510 

fires in, prevention and control of, 
541-544 

fi)undations for, 520 
gaging of, 464-473 « 

lease storage, 458-459 
metals used in, 524 
deterioration of, 518 
painting of to reduce evaporation 
losses, 526 

riveted steel, 515-527 
capacity of, 516-517, 519 
proportions of, 519 
roofs, wooden, 525-526 
salvage of, 510-511 
spacing of, 510, 541 
tables, preparation of, 465-467 
types of, 512-533 
Tap, fishing, 242 

Tape, use of in oil gaging, 467-468 
Taylor-Liady packing spider, 304 
Telephone system, use in oil pipe-line 
operation, 573-574 

Telephone, use of on the oil lease, 586 
Temper scre^v , 94, 120-121 
rope clamps for, 120-121 
use of in operating oil-well pump, 349 
Temperature, average, of oil in a pipe 
line, 555 — 556 

corrections in measuring oil volumes, 
467 

corrections in oil density tests, 474^475 
earth, influence of on character of 
petroleum, 1, 10, 12 
ground, high, characteristic of oil-bear- 
ing regions, 34 

influence of on dissolved salts in ground 
waters, 261, 263 

influence of on evaporation losses- of 
oil, 511, 520 

influence of on setting of cement, 282- 
283 

influence of on viscosity of petroleum, 
555 


Tempering of drilling bits, 116 . 

Terrace structure, 18 
^Tertiary formations productive of petro- 
t leum, 35 

Test wells, locating on domes and anti- 
clines, 22 

on monoclinal structure, 24 
Tester, casing, use of, 293 
Testing efficiency of water shut offs, 292- 
293 

for , presence of petroleum in rock 
samples, 31, 33 
of petroleum, 473-479 
bibliography on, 478-479 
Thermal properties of petroleum, 7 
Thickness of oil sands, influence of on 
ultimate production, 292 
Thieves, oil, 471-472 
Threads, Briggs’ standard pipe, 204-205 
Throw-off hook and post, 358 
Tile, use of as sheathing on oil storage 
tanks, 526-527 
Timber yard facilities, 584 
Timbers, rig, 93 

Time, idle, influence of on ultimate pro- 
duction, 399 

keeper, duties of, 612-613 
necessary for cutting to reach surface 
in rotary drilling, 179 
of drilling, influence of on ultimate 
production, 404-405 
records, used in accounting for labor, 
612-613 

Title to oil lands, securing, 39-55 
Tongs, casing, 218-219 
Tool joints, cable tool, 116-118 
size of, 117 
racks, 593 
rotary, 157-158 
lubricant for, 157 
wrenches, 116-117 

Tools, string of cable drilling, 114-120 
Top packer method of cementing wells, 
272-274 

water, definition of, 261 

exclusion of from wells, 264-276 
Topography, desirable character of for 
tank farm sites, 509 

Torpedoes, loading, lowering and deto- 
nating in well shooting, 245-247 
Torpedoes, nitroglycerin, used in well 
shooting, 332—335 
Town-lot drilling, evils of, 82 
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TraoBformers for electric poWer, 446 
iTraiisinisBion line supports for multiple 
pumping, 353-358 « 

lines, power, for multiple pumping, 353 • 
of compressed air, 375 
of steam, 438-440 
systems for electric power, 446 
Transportation of oil-field equipment, 
supplies and personnel, 87, 585 
of petroleum, 545-582 
bibliography on, 582 . 
motor truck, 581-582 
pipe line, 545-579 
railroad, 579-581 
water, 545, 581 
Traps, gas, 482-492 
influence of pressure on oil and gas 
production, 490-492 
reference on, 506 
Traveling blocks, casing, 216-217 
method of stringing, 216, 217 
Traveling blocks, rotary rig, 145, 147 
Trench, excavation of for oil pipe lines, 
567 

Tretolite, dehydrating reagent, 503 
Trip casing spear, 238-240 
Trumble gas trap, 484-486 
Tubing methods of cementing wells, 
272-274 

oil well, 203, 342, 347 
catchers, 348 

dynamite container for well shooting, 
245-246 

parted, repair of, 368 
spear, 366, 368 

Tubular steel derricks, 98, 100 
Tug pulley of band wheel, 94, 103 
Turbulent flow of oil through pipes, 550 
Turpene hydrocarbons in petroleum, 3 
Twin-cylinder drilling engines, 437 
Twist drill and twist drill spear, 252 
Twist-offs, rotary drill stem, 156 
caused by use of under-reamer, 154 

U 

Uintaite, properties of, 6 
Ultimate production, influence of well 
spacing on, 401-403 
influence of thickness and depth of oil 
sands on, 392 

recovery of petroleum from sands, 392 
methods of securing maximum, 397- 
424 


Unconformities, influence of on oil ac- 
cumulation, 26 
Under-reamers, 121-123 
rotary, 153-154 

Under-reaming casing in preparation for 
cementing, 286 

Union ratchet rope socket, 119-120 
United States, early well drilling in, 91 
United States Mineral Land Laws, 39-45 
Unsoundness of portUnd cement, causes 
of, 280 

Upset-end casing and tubing, 202-2p3, 
209-2,10 

rotary drifl pipe, 156 
sucker rods, 345-346 


Vacuum pumping, 415-417 
relief valves for oil storage tanks, 524 
Valve control of oil gathering system, 463 
Valves, bailer, 123-124 
ball, for oil well pumps, 342, 345 
for capping flowing wells, 308-311 
pump, removal of from wells, 343 
Vai)or, oil, system of conserving in storage 
tanks, 527 

Vegetable origin of petroleum, 10 
Vegetation, stunted, as evidence of 
presence of petroleum in soil, 32 
Venturi meter, use in oil measurement, 
470 

Viscosity conversion chart and equations, 
553 

graphs, logarithmic, 556 
of petroleum, 5 

absolute, determination of, 552-553 
influence of on flow of oil through 
pipes, 548-549 
influence of water on, 410 
variation of with temperature, 555 
of steam, 439 

Viscous flow of oil through pipes, 549- 
550 

Volcanic intrusions, petroleum deposits in 
association with, 28-29 
Volcanic lavas, petroleum in, 11 
Volcanoes, mud, as evidence of petroleum, 
30 

Volume and weight of cement mixtures, 
291-292 
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W 

Wagons, casing, 219 
Walking beam, 93-94 
counterbalancing of in pumping, 350 
steel, 99-101 

use of in operating oil-well pump, 347- 
348 

Wall hook or bit hook, 252 
Wall packers, 266-267 
Warehouse, design and equipment of, 
591-592 

Wksh-down spear, use in recovering 
fractured rotary drill pJpe, 256 
Wash pipe for setting oil well screen pipe, 
329-330 

Water, boiler feed, 434-436 
l)ottom, definition of, 261 
chemical constitution of, 261-263 
cones, formation of about wells, 412 
cooling devices for reducing evapora- 
tion losses in oil tanks, 527 
dehydrating emulsion with hot, 496 
497 

det^ermination of quantity of in petro- 
leum, 476-478 

dilution, influence of on setting of 
cement, 282 
edge, definition, 261 
effect of on oil and sand mixtures, 350 
exclusion of from wells, 259-301 
bibliography on, 301 
by mudding, 295-298 
finding devices, 469 
flow of through j)orous rocks, 389 
ground, chemical analyses of, 281 
bibliography on, 300-301 
high pressure system for fire protection, 
594 

incursion, effect of on oil sands, 263 
influence of on ultimate recovery 
of oil, 410-412 
prevention of, 409-412 
protecting against in abandoning 
wells, 298-299 

influence of buoyant force of on oil 
accumulation, 13 
of on viscosity of oil, 410 
intermediate, definition, 261 
in oil, condition of, 492-493 
level, measuring depth to, in wells, 293 
locating source of in flooded wells, 
299-300 


Water, measurement of in oementihg 
wells, 287-288 

• migratory, influence of in oil accumula- 
‘ tion, 15 

occurrence of in sedimentary strata, 
259-301 

pressure, influence of on oil drainage, 
387 

production of wells, graphic method of 
displaying, 396 

saline, effect of on setting of cement, 
280 

as indication of presence of petro- 
leum, 32 

characteristics of in association with 
petroleum deix>8its, 34 
sands, definition of, 259-260 

identification of in drilling, 260-261 
recording of in well logs, 62-65 
separation of from petroleum, 492-506 
shut-offs, determining proper position 
of, 294-296 

repairing unsuccessful, 293-295 
testing efficacy of, 292-293 
supply for the oil lease, 593 
tests, recorded in well logs, 62-65 
top, definition of, 261 
oil storage tanks, 527 
transportation of petroleum, 581 
economic importance of, 545 
treatment processes, 434-436 
Waxes, mineral, properties of, 6 
removal of from wells, 414 
Wear on oil-well pumps, reducing, 351 
Wedge blocks for suspending casing, 
217-218 

W^cight and volume of cement mixtures, 
291-292 

Weight indicator, Hughes^ 171-172 
Welding joints of oil-well casing, 211, 229 
liners in wells, 324 
of tank plates, 525 
Wells, oil, abandoning, 413-414 
area drained by, 390-391 
arrangement of in development of oil 
properties, 80-82 
capping of, 308-311 
control of high pressure, 302-317 
bibliography on, 317 
decline characteristics of, 392 
deepening, 413 
deepest, world’s, 90 
diameter of, 90 
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Wells, drilliDg methods, development of, 
90-92 

exclusion of water from, 259-301 
life, economic, 405-406 * 

logs, 57, 60-66 
bibliography, 72 
correlation of, 66-67, 76-77 
data, gathering with rotary tools, 
177-183 

securing with cable tools, 133- 
134 

graphic, 60, 63-66 
symbols, 60, 63-65 

management of to secure maximum 
production, 385-424 
measuring depth of, 133-135 
numbering of, 84-85 
production records of, 620--622 
pulling equipment, 368-370 
pumping costs, 378-384 
pumping equipment, repair of, 365-370 
redrilling, 412 

removal of paraffin from, 414 
shooting, 332-335 
bibliography on, 330 
spacing, 79-84, 401-403 
Westphal balance, 474, 476 
Wet natural gas, evidence of petroleum, 
30 

Wheel-knife perforators, 321-323 


Wheels,* cable drilling rig, 94-95, 103-106 
Whip stock and whip stock grab, 252-253 
Wilson elevators, 215 
Wilson under-reamer, 122 
Wind pressure on tanks, 519 
on derricks, 102 

Wing form of rope socket, 118-119 
Wire-line pumping equipment, 345-346 
Wire-wrapped oil-well screens, 325-328 
Wires, guy, 113 

Wood-stave tanks for oil storage, 513-515 
Wooden derricks, 101 , 

sucker rods, 345 
Woodworth steel derrick, 98-99 
Working barrel of plunger pump, 342, 344 
valve of plunger pump, 342, 344 
Workmen, payment of, 612 
protection of about high-pressure wells, 
311 

Wrench, swivel, 130 
Wrenches, cable tool, 116-117 
Wrist pin, 94, 103 
Wrought-iron casing, 204 
Wurtzilite, properties of, 6 
Wygle cement device, 288 

Vorkc steel derrick, 98 
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